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Whatever the 


there is a right wire for it 


—And there is one dependable source—with over 50 years 
experience—to meet your every need. Specialized new 
wires are engineered for every phase of the industry— 
and Belden quality assures lowest over-all cost on 
your production line. 


if it’s worth engineers’ time 


it’s worth engineered wire 


Belden ) --- 
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SINCE 1902 
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TINY SIZE... 
TREMENDOUS IMPORTANCE! 


New Departure has many years of experi- full range of bearings of precision instru- 
ence in the manufacture of ball bearings ment classification. A new catalog, includ- 
to the finest ultra-precision tolerances. ing miniature sizes, plus additional infor- 
And . . . New Departure uses the most mation helpful to you in design problems 
advanced equipment for research, de- sent on request. Write New Departure, 
velopment and production in making a_Divisionof General Motors, Bristol, Conn. 


ASK FOR CATALOG P.1I.B. 
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Inmanco Curve-Formed Fibre Wedge 
being inserted in a Motor Stator 


CURVE-FORMED SQUARE-FORMED 
STYLE STYLE 


choose your 
a 


formed fibre 


There are many reasons why motor manufacturers 
specify INMANCO Formed Fibre Wedges. Impor- 
tant among these are their low cost, toughness, their 
space-saving, hollow U shape, and their shape-holding 
advantage. 

INMANCO Formed Fibre Wedges can be supplied 
in cut-to-length pieces that match your motor slots for 
quick assembly—ideal for production work. They are 
made either with straight saw cut ends or die cut which 
permits bevelling. INMANCO Formed Fibre Wedges 
are made in 21 standard sizes, in two space-saving 
shapes. One shape is curve-formed for curved-top slots, 
while the other is square-formed for rectangular-top 
slots. Both are free from burrs. 

Write today to your nearest IMC office . . . for your 
free INMANCO selector card and bulletin on low cost, 
tough INMANCO Formed Fibre Wedges. 


wedges for... 


immediate shipment in 21 stand- 
ard stock sizes 


material and labor savings . . . 
specify cut-to-slot length 


lightweight, tough, secure, space- 
saving wedging 


Inmanco products are manufactured exclusively by... 


INSULATION MANUFACTURERS CORPORATION 


CHICAGO 6, ILLINOIS ® 565 W. Washington Boulevard ® Phone CEntral 6-7320 
CLEVELAND 14, OHIO ® 1231 Superior Avenue, N. E. © Phone SUperior 1-2310 


Offices, Representatives, and Distributors in Principal Cities 
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overall length 42 inches 


Now... from Doehler-Jarvis...die castings 
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Now you can have structurals die cast to standards as high as 
those for primary aircraft structurals 

Die cast! With all the economy, precision, surface superiority, 
ease of assembly that implies. Die cast of aluminum, or of a 
high-purity magnesium alloy, like the 42” Falcon stabilizer fin. 


They said it couldn’t be done! 


But there you see such a structural! Along with X-ray proof 
of soundness, uniformity, primary-aircraft-structural* quality. 


Mind you! The Falcon fin is in commercial production. 
Doehler-Jarvis has die cast thousands. Each has had to pass 
Fo 5 i sons . . 73 inspections before acceptance... including 100% X-ray. 
The Falcon is an air-to-air missile built by Hughes Air- ; . : ; 
craft Company for the U. S. Air Force. Its light weight In one control, sections of castings are continuously tested 
die cast stabilizer fins resist severe strain during course for tensile strength. In this examination of physical properties, 
changes. It uses other Doehler-Jarvis die castings also. the castings normally exceed tensile specifications by 15% or 
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their uniformity and soundness 


more. Quality is so high there has never been a single test *A primary aircraft structural is a major load-bearing component member 


: s any single failure of which would result in loss of the aircraft 
below specification. 


How did this come about? 


Like many developments in die casting, this one started with 


e 
: wreraft hler=Jarvis 
a customer’s need... Hughes Aircraft’s. Doe er rvi 


They, and the Armed Services, needed such castings. The DIVISION OF NATIONAL LEAD COMPANY 
parts might be made other ways. But at what cost! What sacri- General Offices: Toledo 1, Ohio 


fice in weight — and materials! If it could be die cast, if there 


were a magnesium alloy able to stand supersonic air stresses... In Canada: 


It took a while. But, with close cooperation from engineers Barber Die Casting Co. Limited <& 
of both Doehler-Jarvis and Hughes, the way was found. Qo, Hamilton, Ontario (eB) 
Now you can list die castings of primary-aircraft-structural* wey \ 
quality among D and J availabilities. Get them from any - 

Doehler-Jarvis plant. 
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in This issue 
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Materials, Electrical, Electronic 


Your Classification: 
Electrical Insulation and Dielectrics 


Research Progress in Dielectrics—1957 


Ejeventh consecutive annual staff re port on the Conference on 
Electrical Insulation (National Academy of Sciences—National 
Research Council). Papers and round-table discussions ar 
summarized and interpreted, test results are given. Synthesis 
of materials for supersonic missile and aircraft requirements; 
behavior of silicones under radiation: degradation of Mylar 
film; insulation life of flexible insulation; mechanisms of 
electrical breakdown; and “treeing” in polyethylene cable are 
among subjects discussed. 


A. E. Javitz, Special Features Editor, ELecrricaAL MANUFACTUR 


Inc, New York, N. ¥ 
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Testing ification: 
tii Your Classification: 


Production and Assembly Techniques 
Miscellaneous 


Graphic Form for Operating Instruction Accuracy 


[he transmission of technical information to production per- 
sonnel can be accomplished effectively by tabular arrangement 
of data, particularly instructions for testing or processing 
in which a particular equipment operation sequence is to be 
specified. The advantages of this form of presentation are 
indicated, in its conciseness and ready accessibility for en- 
gineering analysis. Examples of graphic operating instructions 
are given in detail. 


Frederick W. Dudey, Professional Engineer, Milwaukee, Wis- 


consin 
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Components, Electrical Electronic 


Y ification: 
ca coy our Classification: 


Fiber Metal Commutator Brushes 


Problem of electrical noise interference generated by slip 
rings, appears to be solved by commutator brushes made 
from molybdenum fiber and running on a silver-plated ring. 


Surface speeds up to 30,000 fpm are obtained, with no rapid 
wear, nor overheating. 


H. Sump, Armour Research Foundation, G. A. Forster. 


Argonne National Laboratory, and H. G. Hamre. Armour 
Research Foundation, Chicago, Il] 
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A double-function briefing of 
the feature articles content each 
month: 


(1) A quick interpretation of 
the content of the article. 


Materials, Electrical Electronic Your Classification: 


Magnetic Materials 


Magnetic Tape Rolled from Powdered Metals 


A summary of British experimental and commercial experience 
in developing high quality magnetic core materials by powder 
metallurgy techniques. Primary advantage is close control of 
alloy composition to minimize batch-to-batch variations in 
magnetic properties. Data given for: high permeability alloys; 
high flux density alloys — non-oriented, domain-oriented and 
srain-oriented:; switching alloys including a new high- 
molybdenum alloy. 


Cc. E. Richards, Post Office Engineering Research, Station, 
London, England 
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Components, Mechnical/Structural Your Classification: 


Drive Elements 
Control 
Systems and Servos 


Design and Application of Hysteresis Clutches 


Clutches having qualities of linearity and repeatability are 
of particular interest for use in control, consequently the 
hysteresis clutch has become an important control component. 
The details of mechanical and magnetic design are presented 
fully, including coil and temperature rise factors which 
are especially critical under high altitude conditions. Circuit 
ind other application factors are also thoroughly discussed. 


J. Winston. Newark College of Engineering, Newark, N. J. 
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Your Classification: 
Case History 


Pulse Generator Replaces Gearbox of 


Numerically Controlled Lathe 


Initial application to a contouring lathe of the Weditrol nu- 
merical control system for continuous control of two or more 
machine axes of motion through digital electrohydraulic ser- 
os with both rate and position feedback. 


\. Wang, G. Y. Chu Wang Laboratories, Inc., Cambridge 41, 
Mass 
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(2) An indexed, subject-classi- Space is provided for insertion 
fied annotated reference to the of your own subject classifica- 


article that can be easily clipped _ tion. 
for pasting and filing on stand- 
ard 3x5 cards. 


Components, Electrical/ Electronic 


Your Classification: 
Magnetic Components 


New Procedure for Designing Linear and Swinging Chokes 


A new procedure to save the engineer’s time in the design 
of linear and swinging chokes is described and illustrated with 
specific examples. Complete design data tables and curves 
are given. 


I. Richardson, N. J. E. Corporation, Kenilworth, N. J. 
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Your Classification: 
Systems and Servos 


Single Amplifier for Two Servos 

Two methods, one based on phase differences and one on 
frequency differences, are presented for the application of 
a single power amplifier for two servos. The reduction in 
the number of components thereby decreases failure rates 
and provides for lowering of costs as well. The application 
is to multiple servo systems, both military and commercial. 


Basil Jacks, American Bosch Arma Corp., Garden City, N. Y. 
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Testing 
Environmental 

Instruments and Test Equipment 
Applications 


Your Classification: 


Organizing Vibration Testing Activities in 


Engineering Development 


Vibration test group organization and responsibility at Bendix 
Products Division is described, together with types of test 
performed, and types of specimens; included are design notes 
for vibration test fixtures. 


R. J. Satory, Bendix Products Div., Bendix Aviation Corp., 
South Bend, Ind. 
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tional Subject Classification, a 
copy will be sent to you without 
charge. Just circle No. 736 on 


If you want to adopt the the Reader Inquiry Service Card 
EvectricaL MaNuFacturING Func- on page !7. 


Product Design Case History 


Your Classification: 
Industrial Machinery 


Ultrasonic Dispersion From Fluid-Flow Energy 


The dynamics of jet-flow of fluids and resulting cavitation 
for ultrasonic dispersion and emulsifying is effectively used 
for the design of a line of mixers. The development sequence 
and the problems encountered in the course of converting 
the principle into workirg, efficient products are detailed. 


Staff Report 
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Components, Mechanical /Structural 
Springs 

Product Design Case History 
Miscellaneous 


Your Classification: 


Quick-Make Manual Circuit Breaker Mechanism 


Pictorial presentation of spring-operated “stored-energy” me- 
chanism for minimizing arcing during contact closure of 
manually operated power circuit breaker by making con- 
tact-closing force and timing independent of operator’s 


skill. 


Staff Report on development of the I-T-E Circuit Breaker Co., 
Philadelphia, Pa. 
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Association & Professional Activities 


Your Classification: 
NEMA Activities 


NEMA Elects Officers, Discusses Profit Margins 
Pictured are officers for 1958 elected by National Electrical 
Manufacturers Association at its 3lst Annual Meeting held at 
Atlantic City, Nov. 11-15, 1957. Certificates to three 50-year in- 
dustry veterans. Excerpts of talks by M. W. Cresap, Jr. and 
A. C. Montieth, vice presidents of Westinghouse Electric 
Corp., on profit structure and expanding markets, especially 
in automatic control systems for the new “Electromation” age. 


Staff Report 
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Get famous G.S. precision in 
HOBBED PINION RODS... 


You rule out assembly slow-downs, assure consistent, quiet perform- 
ance of your product, when you specify G.S. Hobbed Pinion Rods... 
available up to %” diameter, up to 12 feet in length, in various 
shapes and materials. Why? Because G.S. specialized experience, spe- 
cialized equipment, specialized techniques, and rigidly controlled pre- 
cision processes mean unsurpassed quality in G.S. production runs of 
all forms of Small Gearing—Spurs, Spirals, Helicals, Bevels, Intervals, 
Worm Gearing as well as Pinion Rods. 


CCE Inc. The greatest names in U.S. industry depend on G.S. Small Gears. We 


can serve your most critical needs as we serve theirs—let our Small 


TYE Sf Its MEDILL AVENUE Gear experts work out your problems with you. 
CHICAGO 47, ILLINOIS SEND FOR G5. technical data, free! See where and how we 


mass-manufacture Small Gearing to uniformly fine tolerances. Folder 
contains 23 pictures of Small Gears, plant view, as well as Diametral and 
Circular Pitch Tables. Ask for your copy on company stationery, please! 
SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING © RACKS © THREAD GRINDING 


eR Celis Cet YT Dead |= 


SN | 0 fof cociying inchall Gag! 


Circle 107 on page 17 ELECTRICAL MANUFACTURING 





Research 
Horizons 


Perfluorocarbon 
Film En Route 


Experimental quantities of Teflon 
100-X perfluorocarbon film should be 
available on the completion of semi- 
works facilities, according to the Du 
Pont Film Department. A new plant 
for commercial production of the resin 
itself is part of the company’s con- 
struction program and is expected to 
be on stream by 1959, 

The company is looking to the high- 
temperature field for applications for 
its new film. The film is described as 
being capable of continuous service at 
100 F. Among indicated applications 
are flexible printed circuits. 


Some British 
Research Notes 


“Open Day” at the British Post Office 
Engineering Research Station. Dollis 
Hill, London. on September 27, fea- 
tured some 75 examples of research 
conducted by the various divisions: 
Apparatus: Electron Mate- 
rials; Switching; Mathematics and 
Information: and Transmissions. Here 
are some highlights noted by one of 
our British correspondents: 
Technology of the 
transistor. 


Physics: 


alloy-junction 
Microsections of many 
alloy-type transistors show the emitter 
and collector junctions to be far from 
plane and parallel. Consequently, spe- 
cial research is being conducted in 
junction transistors with simple struc- 
tures. By careful attention to crystal 
orientation, to lapping and etching of 
wafers, and to alloys considerably im- 
proved structures with plane and 
parallel junctions have been obtained 
and were exhibited. 

Precise measurement of permittivity 
of sheet specimens. Precise values for 
sheet materials for coaxial cables have 
been difficult to obtain. New equip- 
ment was shown suitable both for 
routine tests and for work of highest 
precision in the frequency range of 
50 cps to 1 megacycle. The equipment 
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enables calculation to be based on 
linear dimensions of the test cell only. 

Fast) germanium A lloved- 
doped with 


diodes. 
junction diodes heavily 
nickel were shown in stages of ex- 
perimental production and under test. 
Also their performance in high-speed 
300 ke computer circuits. Commercial 
types were found to be slow. 


Magnetic Fields 

and lonized Gases 

Add the word “magnetohydrodynam- 
ics” to your research 
branch of 


lexicon. This 
physical 
cerned with the study of how magnetic 
fields influence and are influenced by 
ionized shock 
waves, reaching speeds well over 100.- 
000 miles per hour, have been achieved 
under laboratory conditions by Lock- 


science is con- 


High-velocity 


gases, 


Steel for Satellites: Properties of steel 
for applications in supersonic missiles and 
aircraft and for satellites, are scrutinized 
and new materials projected in U. S. Steel 
Research Center, Monroeville, Penna. 
The furnace shown here is used for melt- 
ing and casting metals and alloys in 
vacuum or in special atmospheres. 


heed scientists using advanced hydro- 
sho« k These shor k 


waves also temperatures 


magneti tubes. 
produce 
higher than 100.000 C. 

Still higher velocities and tempera- 
tures are seen possible in tubes of 
even more advanced design. This re- 
search program is intended to provide 
data on the flow of highly ionized gases 
at much higher Mach numbers and 
more extreme temperatures than pos- 
sible with high-pressure shock tubes. 


shock 


tubes. a 


To achieve the high-velocity 
wave in the hydromagneti 
large high-voltage charge is rapidly 
discharged from a capacitor bank at 
one end of the tube. creating a bubble 
of super-heated gas. Expansion of the 
bubble produces a high-velocity and 
intensely luminous shock wave that 
flashes down the tube. The wave is 
boosted to the tremendous speeds and 
temperatures by external magnetic 
fields that interact with the high- 
current discharge. 


Boron-Containing 
Radiation Shields 


A novel against 
fast and slow neutrons is made of a 


protective material 


boron-filled methyl methacrylate resin 
of desired mechanical properties. The 
neutron-absorbing boron is used in a 
concentration that depends on the neu- 
tron flux to be encountered and the 
neutron energies to be shielded out. 
This shielding material is covered by 
U. S. Patent No. 2.796.411. 

In still another U. S. Patent (No. 
2.795.529) a somewhat more complex 
shielding structure is based on the 
principle that an effective shield com- 
prises alternate layers of a dense 
material. a mixture of neutron-slowing 
materials, and a_ substance having 
nuclei which. after the absorption of 
a neutron, will transmute only into 
heavy charged particles without any 
appreciable release of high-energy 
gamma rays. The shield consists of a 
layer of iron. a layer of compressed 


wood fibers. and a plurality of alter- 


9 





Research 
Horizons 


iron and_ cellulose 
uniformly dis- 


layers of 
containing a 
persed boron. 

Both patents have been released on 
a non-exclusive, royalty-free basis by 
the U. S. Atomic Energy Commission 
as part of its continuing program to 
make non-secret technological infor- 
mation available for use by industry. 


nate 
acetate 


Introspective Research 
on Human Engineering 


The function of human factors engi- 
neering itself is still a matter of 
analysis and_ discussion wherever 
equipment engineers and psychologists 
meet. 

At the recent Fifth Annual Human 
Engineering Conference, held at Tulsa, 


Oklahoma. Carlos C. Wood, chief en- 

Douglas Aircraft Company, 
Beach Division, in an _ invited 
paper. “A Chief Engineer Looks at 
Human Engineering.” first defined hu- 
man factors engineering as “the appli- 
cation of objective, quantitative infor- 
mation on human behavior to the 
design of systems and components in 
order to maximum effective- 
ness at minimum cost in the operation 
systems in the 


gineer. 
Long 


achieve 
and support of those 
field.” 

The six major and essential factors 
of effective human factors engineering 
were then spelled out as follows: 

1. The application, as opposed to 
the mere obtaining, of information. 

2. The requirement for objective, 
quantitative information. 

3. The incorporation or application 
of this information during the design 
stage. 

1. Use 


cost as the 


of systems effectiveness and 
criteria for design deci- 
sions. 

5. Consideration of effectiveness and 
cost in terms of operational use in the 


field. 


6. The requirement for human fac- 
tors engineering in the whole area of 
support activities. 


Lithium-Aluminum 
High-Strength Alloy 


New development in light 
search, a lithium-aluminum alloy (des- 
ignated X2020) capable of maintain- 
ing its high strength properties at 
temperatures up to 400 F, has been 
announced by the Alcoa Research 
Laboratories, New Kensington, Penna. 

Since conventional aluminum alloys 
are limited to temperatures between 
250 F and 350 F before losing their 
physical properties, the availability of 
the new lithium alloy may remove the 
existing barrier to the use of aluminum 
in supersonic aircraft which develop 
skin temperatures of 350 F at 1600 
miles per hr. 

Lithium is the lightest of all known 
metals; the new alloy thus also pro- 
vides a saving in weight compared to 
previously used alloys. 


alloy re- 


—A.E.J. 


Cube-Oriented Silicon-lron Magnetic Alloys Coming Soon 


Successful 
oriented 


development of cube- 
magnetic alloys, with easy 
directions of magnetization both in the 
direction (as with grain-ori- 
and across the sheet, 
been announced by the 

Research Laboratories 
Electric Research 
Laboratory. With the new materials a 
third easy direction of magnetization- 
perpendicular to the sheet—also offers 
design possibilities. 

Preliminary data released by West- 
inghouse suggests that the new alloy 
will operate at higher flux densities 
with considerably 
grain-oriented 


rolling 
ented materials) 
has recently 
Westinghouse 


and the General 


lower core losses 


than alloys, as shown 


by the following d-c magnetization 
figures for square single-piece lamina- 
tions, and by the accompanying core 


loss curves: 


Magnetizing force, oersteds 
Induction, Grain-oriented Cube-oriented 
Silicon-iron 


gauss Silicon-iron 


2500 
5000 
7500 0.83 
10,000 1.20 
12.000 2.45 
14,000 10.75 


0.50 
0.64 


0.15 
0.20 
0.33 
0.55 
1.00 
1.75 


Coercive force 0.40 0.175 


[woe important applications for the 


new material are seen as single-piece 


laminations for shell-form power 


10 


transformers and_ generator _ stator 
cores. to eliminate the “piecing” re- 
quired with grain-oriented iron to 
align flux paths with grain axis. 

\ paper presented at the AIEE Con- 
ference on Magnetism and Magnetic 
Materials in Washington, D. C., Nov. 
18-21, Electric 
has developed silicon-iron sheet with 
80 per cent or more of the grains 
Further, that a cube- 
oriented texture can be produced in 
aluminum—or 
well—and in any 
or strip. 


indicates that General 


cube-oriented. 


molybdenum alloys as 
thickness of sheet 
also have re- 


aluminum-iron 


Westinghouse will 


ported data on both 


Microphotograph of etch-pit 


Research Laboratories) 


study of 
cube-oriented silicon-iron. (Westinghouse 


and silicon-iron strip from 0.5 to 25 
mils thick, and laboratory achievement 
of cube-orientation with 98 per cent 
of the grains within 3 deg of the 
rolling plane. 

More complete details will be in- 
cluded in an ExectricaL MANUFAC- 
TURING staff report on the AIEE Mag- 
netism Conference, scheduled for the 
January issue. 

The first detailed report on cube- 
oriented silicon-iron was published 
earlier this year by Assmus and Detert 
of Siemens-Halske, Germany  (F. 
Assumus et al, Zeitschrift fiir Metall- 
kunde, Vol. 48, p. 341). 

—W.A. 


17,000 


-Cube oriented overage § \ / 
of straight and cross a 
gain 
15,000 8- Singly -oriented 
straight grain only 
C-Singly-oriented /} {iV 
ISOOF ersse of 7 77 
straight and 
cross gain [| / /| 
11,000 |0 - Singly am Ay 
MMA || 
cross gain J 
ets YY IC 


Induction, gouss 


7,000 
2mil thick 





5,000 
0.1 02 03 O05 O810 1520 
Core loss, (watts/ib) 60 cycles 


Comparable core-loss data for 2-mill thick 
samples of cube-oriented and _ grain- 
oriented alloys. (Westinghouse Research 
Laboratories) 
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In Varsil $R1036, « long-sought electrical 

insulation becomes a reality: A pressure-sensitive 
silicone rubber tape perfect for Class H 

applications involving high heat and unusual 
mechanical demands. Varsil $R1036 is made by 
impregnating glass cloth with Union Carbide** Type 
K1605R silicone rubber. The glass base renders 

high mechanical strength; the silicone rubber imparts 
excellent electrical properties. These include power 
factor, dielectric constant, and dielectric strength. 

A natural tackiness causes adjacent layers to bond 
instantly at room temperatures. Elevated temperatures 
appreciably strengthen the bond. An interleaving 
layer prevents bonding before use. Varsil SR1036 is 
supplied on bias-cut and straight-cut glass cloth in tapes 
or full width. It is also available unsupported. 


DISTRIBUTORS 


Brooks Electrical Supply Co., Inc., Baltimore, Md. 
John H. Cole Company, Oklahoma City, Okla. 
Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
Hanna & Ferguson, Rochester, N. Y. 
Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp., 

Chicago, Ill Cleveland, O. 

Dayton, O, Milwaukee, Wis. 

Peoria, Ill, Pittsburgh, Pa, 
J. F. Kerrigan & Company, Hamden, Conn. 
C. D. LaMoree, Berkeley, Calif. 

Los Angeles, Calif. 
W. R. Punt Company, Floral Park, N. Y. 
C. E. Riggs, Inc., Portland, Ore. 
Seattle, Wash. 

White Supply Company, St: Louis, Mo. 


Export Agent: Lionel-Essex Internotional Corp., New York, N.Y. 
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Varnished Cambric Cloth and Tapes 

Varnished ‘Fiberglas"’t Cloth and Tapes 

Varnished Silk and Silk Substitute 

Synthetic Resinous Tapes and Extruded Tubing 

Cable Wrapping Tapes 

Polyethylene, Sheets, Tapes and Extruded Tubing 

“VARSIL” Silicone Varnished “Fiberglas’’t 
Cloth and Tapes 


* Mylar, Du Pont’s registered trademark 
**The term UNION CARBIDE is a registered trade-mark of Union Carbide Corporation. 


Mass tape 
and cloth 


FULLY CURED-— 
PRESSURE SENSITIVE 


FUSIBLE WITH HEAT 
REVERSION RESISTANT 


HIGH HEAT 
RESISTANCE 


® Agents in all 
principal cities 


© Complete test data 
available on request 


New Jersey Wood Finishing Company 


FLEXIBLE ELECTRICAL 


WOODBRIDGE, N. J. 


“VARSLOT"’ Combination Slot Insulation: —~ 
Rag Paper and Vartex Varnished Cambric 
Fish Paper and Vartex Varnished Cambric 
Rag Paper and “‘Mylar'’* Polyester Film 
Asbestos Paper and ‘‘Mylar'’* Polyester Film 
Kraft Paper and ‘‘Mylar'’* Polyester Piles 
Vartex Varnished “‘Fiberglas"’? and 
“‘Mylar'’* Polyester Films 

Special combinations available upon request 


INSULATION 


t Fiberglas, Owens-Corning Fiberglas registered trademark 
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GRAY CODE 


BINARY 


BINARY 
CODED DECIMAL 


LIBRASCOPE 
SHAFT POSITION-TO-DIGITAL 


CONVERTERS 


Equipped with ANTI-AMBIGUITY 
DOUBLE BRUSH PICKOFFS 


Useful in a wide variety of applications, 
including digital aircraft and missile 
controls, machine tool controls, digital 
readout from strip chart recorders, and 
as the modulator and de-modulator in 
pulse-code modulated radio links. 


GRAY CODE MODEL —Capacity of 8 
binary digits (single brush pickoff), 
BINARY MODEL — Capacity of 7 to 19 
binary digits 


BINARY CODED DECIMAL MODEL 
Capacity range from 0-1999 to 0-35,999. 


Units for special codes or 
capacities are built to meet 
specific requirements 


SHOCK ENDURANCE 20g 
TEMPERATURE RANGE. —50° to 83°C min 
CODE DISCS Rhodium plated phenolic 
PICKOFFS Multiple wire brush 

Two pickoffs /channel 


ROTATION .Continuous, either direction. 


RUGGED—NON-MAGNETIC—LONG LIFE 
MAY BE READ WHILE IN MOTION 


SPECIAL CONVERTERS DESIGNED TO MEET 
YOUR INDIVIDUAL PROBLEMS 


Send for illustrated brochure 


IBRASCOPE 


aTiom | 


808 Western Avenue © Glendale, California 


12 Circle 109 on page 17 


Pius or Minus 


Random Comments of the Editors and Readers 


New Word Coming Up— 
Electromation 


If the automobile people can work 
their business into a (automa- 
tion), A. C. Montieth, vice president 
of Westinghouse Apparatus Products 
Division. feels he has a right to work 
his business—and with a_ lot 
justification—into a word describing 
the complex of mechanized production 
and material handling with automatic 
control and self-regulating devices 
built in. His justification: the energy 
behind these updated 
electrical. Besides. 


word 


more 


techniques is 
“automation” is 
getting to be a dirty word among fac- 
tory workers, although they accept the 
principles involved when explained in 
general terms. 

Before he was through with his 
word-launching talk before the NEMA 
Annual Meeting at Atlantic City last 
month Montieth 
(who engineering 
used the word in the 


(see 
until recently was 
vice president ) 
form of an 
production: a 
mated; the economics of 
electromation. It fits like its older 
brother. 


page 257) Mr. 


adjective—electromated 


verb—job was electro- 


and a noun 


We expect to see a lot of electro- 
mated news releases and articles come 
out of Westinghouse from now on. As 
Webster take note. 
wait and see if the competition will 
pick it up and run with it too. 


to whether should 


F.J.0. 


Mathematicians 

vs Engineers 

The recom- 
mended as a sure-fire test for detecting 


mathematicians masquerading as engi- 
neers. 


following procedure is 


Equipment required: 
] stove 
1—kitchen table 
l coffee pot 


Step 1 

Put the kitchen 
table and ask the candidate to put it 
on the stove. In all probability both 
engineers and mathematicians will 
move said pot directly to the stove in a 


fashion. This 


coffee pot on the 


straight-line translatory 


part of the procedure has no practical 
value other than to put the candidate 
at ease and off his guard. 


Step Z 
Now put the coffee pot on the floor 
and ask the candidate again to put it 
on the stove. The engineer will once 
more move it directly to the indicated 
destination. But the true mathematician, 
after due deliberation, will move the 
coffee pot back to the table—thereby 
reducing the second problem to the 
first problem—before placing it on the 

stove. 
W.A. 


Nomenclature 
Department— 


Watch the rash of new words to catch 
up with the high, hot and fancy re- 
quirements in the supersonic missile, 
aircraft. and—of course—satellite pro- 
grams. 

Materials for “ablation” 
have already become part of the new 
jargon. What 
According to Webster’s it means “re- 
specifically by 
other words. a quick, 


services 


does the word mean? 


moval. surgery.” In 
drastic separa- 
tion. Or. as we used to say quaintly 
“expendable.” 
A.E.J. 


in the recent past. 


Pope Praises Automation 


In an address delivered in October to 
delegates of the Europeari Committee 
Machine Tool 
Industries. Pope Pius XII praised auto- 
mation, but warned that man must use 


of Cooperation among 


gain freedom for a 
greater spiritual and intellectual devel- 
opment. 


it properly to 


In the early stages of industrializa- 
tion, the machine often enslaved man, 
who was supposed to control it. Today, 
machine tools have been perfected to a 
point where one can hope that an ever 
increasing number of workers will be 
freed who have until sub- 
jected to the performance of purely 
mechanical and monotonous tasks. 

The Pontiff recognized that automa- 
tion tends to mechanize the functions 
of control and adaptation necessary to 


now heen 
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TYPICAL CAPACITANCE vs TEMPERATURE CHARACTERISTICS at 


+20 


Se 
a 


: 
° 


+5 


— a ce seen 


— 
— SV © mee © eee 


PER CENT CAPACITANCE 
CHANGE FROM 25° C 


STYRACON (85°C) 


RATINGS .001 to 1.00 uF 
© 50 to 600 WVDC 


STYLES tubular metal cases 
screw-neck cases 


drawn metal cases 


WRITE FOR 
TECHNICAL DATA 


Engineering Bulletin 
No, 2510 


FILMITE “E* 


FILMITE “Fr 


=— SIH _STYRACON 


— 


de ~——=— FILMITE 


+50 +75 +100 
TEMPERATURE—degrees C 


FILMITE “E” (150°C) 


+125 


.001 to 1.00 uF 
200 to 2500 WVDC 


tubular metal cases 
screw-neck cases 


Engineering Bulletin 
No. 2410 


+150 


FILMITE “F” (125°C) 


.001 to 1.00 uF 
200 to 600 WVDC 


tubular metal cases 
screw-neck cases 
“bathtub” cases 


Engineering Bulletin 
No. 2560 


eae’? 
+175 +200 


FILMITE “G” (200°C) 


-001 to 1.00 uF 
200 to 600 WVDC 


tubular metal cases 
screw-neck cases 
drawn oval cases 


Engineering Bulletin 
No. 2610 


4 kinds of film dielectric Capacitors 
for specialized applications 


Here are four plastic-film dielec- 
tric capacitors now in regular pro- 
duction at Sprague: 


STYRACON CAPACITORS find wide 
application in laboratory equip- 
ment and in industrial controls 
where their low dielectric hyster- 
esis (low ‘‘soak’’), high insula- 
tion resistance, high “‘Q’’, low and 
linear temperature coefficient of 
capacitance are of great value. 


FILMITE “E”’ CAPACITORS are 
general-purpose capacitors for use 
up to 150°C where capacitance 
stability with temperature is of 
secondary importance. They are 
also used at lower temperatures 
where very high insulation resist- 
ance is a prime requirement. 


FILMITE ‘“‘F’’ CAPACITORS are in- 
tended for use in circuits where 


SPRAGUE COMPONENTS: 
CAPACITORS °* 
FILTERS - 


DECEMBER 1957 


RESISTORS > 
PULSE NETWORKS 


MAGNETIC COMPONENTS - 
* HIGH TEMPERATURE MAGNET WIRE > 


the absolute minimum in capac- 
itance change with temperature 
is a must and relatively large ca- 
pacitance values are used. These 
capacitors typically will be within 
05% of their 25°C value from 
—10°C to+85°C. They may be 
used up to 125°C where greater 
capacitance excursion is tolerable. 


FILMITE “G”’ CAPACITORS have 
the highest temperature rating of 
any organic dielectric. They may 
be used up to 200°C! All units are 
nickel-plated to withstand high 
temperature corrosion. They also 
have the highest insulation resist- 
ance, the lowest dielectric hys- 
teresis, and the lowest dissipa- 
tion factor of any capacitor made 
so that they are often used at 
lower temperatures which are 
above the 85°C limit of the lower- 
cost Styracon Capacitors. 


Circle 110 on page 17 


TRANSISTORS > 


CAPACITANCE VS. TEMPERATURE 
CHARACTERISTICS of all four types 
of film capacitors are compared in 
the chart above for the benefit of 
the circuit designer. 


ALL SPRAGUE FILM CAPACITORS 
are designed to have positive 
electrical contact between leads 
and electrodes, even at low oper- 
ating voltages. 


WRITE For ENGINEERING BUL- 
LETINS on the Sprague plastic-film 
capacitors in which you’re inter- 
ested. Address your letter to 
Sprague Electric Co., Technical 
Literature Section, 307 Marshall 
Street, North Adams, Mass. 


Se 


the mark of reliability 


INTERFERENCE 
PRINTED CIRCUITS 
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Flexibility 
for 
Designers 


A-Yott 
SOOBU 


VARIABLE AUTO-TRANSFORMER 


2-GANG 500BU 
(Also available in 3-gang) 


Designed for back-of-panel mounting, 
the versatile SOOBU Adjust-A-Volt 
variable auto-transformer offers the 
dependability and flexibility you have 
been looking for. 

Shaft can be adjusted without dis- 
turbing rotor and commutator align- 
ment. Terminal board connections 
allow for either clockwise or counter- 
clockwise rotation, as well as over- 
voltage or line-voltage operation. 

Ganged units are available to pro- 
vide increased current output, increased 
voltages, or for polyphase operation. 

Specifications of the SOOBU type— 
input voltage, 115 V; load rating, 1.0 
KVA; output—0 to 135 V; output amps 
max. 7.5 A; driving torque in oz., 20- 
40. For more data, send for the catalog 
on the complete Adjust-A-Volt line. 


BP Dy ae 


ELECTRICAL PRODUCTS CO. 
2240 E. THIRD ST., DAYTON, OHIO 


Circle 111 on page 17 


the smooth operation of a 
Also that 


far surpass the human senses in speed, 


complex 
process. electronic devices 
capacity and precision. They can re- 
cord, retain and use a group of facts in 
a way far superior to the powers of 
man, he observed. One therefore can 


expect to see these devices replace 
workers almost everywhere in indus- 
trial production where work has been 
reduced to mechanical movements or to 
exercising a purely physical type of 
control. 

Looking at the spiritual aspects, the 
Pope the hope that the 


amount of free time 


expressed 
greater made 
available because of modern machines 
would allow the most profound needs 
of the soul to find their satisfaction. 
Should man yield to the temptation of 
a life of greater ease filled with more 
sensual pleasures, he warned. man will 
gain nothing from it except another 
kind of slavery and certain moral de 
cadence. 

On a different note he told the ma- 
chine tool delegates they were destined 
to contribute to the necessities of the 
present world and to smooth the way 
for an order which can put into the 
number, the 
riches common to all mankind. 


service of the greatest 


This particular European Committee 
of Cooperation. incidentally. was 
founded in 1951 for the purpose of co- 
ordinating problems of concern to ma- 


Western 


England. and to 


chine tool manufacturers in 


Kurope and reach 
agreements with regard to a common 
market. Translation from Italian pro- 
vided by NCWC News Service. 


F.J.O. 


This Month’s Cover 


Our cover composition is no fantastic 
lunar landscape as viewed from a satellite. 
but rather representative of something 
as down-to-earth as breakdown and fail- 
ure in electrical insulation. A blow-up 
of a photomicrograph illustrates the so- 
called “treeing” effect formed by break- 
down in polyethylene cable insulation. 
The rectangular panels show treeing in 
various stages of growth in polyethylene 
specimens as observed under a micro- 
scope. Dark wedge-shaped areas are those 
of embedded needles. Tree growth can be 
manipulated by means of controlled volt- 
B 
T 
the classic relationship used in electrical 
insulation work, showing that life of in- 
sulation as an exponential function of the 
reciprocal of absolute temperature. (L 

life to failure in hours; T 
temperature; A and B 


age. The equation Log I { is 


absolute 
constants asso- 


Reader to Editor to You 


British Consumer Product- 
Testing Organization 

Cc. E. RICHARDS 

38 Deacons Hill Road 

k /stree, Hertfordshire, England 


Two organizations have now been 
launchd in England for the purpose of 
providing consumers with advice re- 
Although 
such organizations have been in exist- 
ence in the United States for 
vears, there has been some doubt re- 


carding branded products. 


many 


(financial and 
other) of such activities here. The es- 


garding the feasibility 


tablishment of these consumer guidance 
organizations may have an influence on 
British electrical and other goods. 

Of the two organizations now in the 
field. the first is the Consumer Council, 
British Standards 
Institution (the latter 
ment backed though depending on in- 


sponsored by the 


being Govern- 


dustry for much of its finance) who 
publish a quarterly called “Shoppers 
Guide.” The second. is the wholly in- 
dependent Consumer Research Ltd., 
who publish “Which.” The two collab- 
orate to some extent in that one does 
not work on a subject which the other 
is tackling. Each one seems to have 
roughly the same number of subscrib- 
ers. Consumer Council had about 7000 
after a few weeks and Consumer Re- 
search 8000 after a rather shorter time. 
Subscription 10 - per annum for either. 

Up to date each organization has 
considered and reported on some elec- 


trical goods: electric blankets and elec- 


Electrical 
MYER U eel ata rs 


ciated with the chemical nature of the in- 
sulation.) Simplex Wire and Cable Com- 
pany is source of the original photo- 
graphs. 
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Thin-walled tubing of TEFLON 
resin withstands soldering 
temperature, simplifies assembly 


TEFLON tetrafluoroethylene resins main- 
tain high dielectric strength at elevated 
temperatures. They also have high sur- 
face resistivity, dropping only to 10! 
ohms at 100% relative humidity. They 
maintain full electrical insulating char- 
acteristics, even when flexed or bent 
during assembly and installation. This 
combination makes it possible to mini- 
aturize an electrical assembly without 
fear of dielectric failure. 

For example, thin-wall tubing of 
TEFLON resins simplifies assembly of 
component parts in a series of miniature 
rotary tap switches. Since TEFLON resins 
will not burn, melt or decompose when 
connections are soldered, assembly of 
switch parts is easier, faster, and the 
possibility of accidental grounding is 
minimized. The thermal stability of 
TEFLON resins, even in thin sections, 
is demonstrated in this tubing where the 
wall thickness is only .014”. The nominal 
inside diameter is .075”. TEFLON resins 
meet Class H, AIEFE standards for maxi- 
mum insulating temperatures. 

TEFLON resins are non-flammable, 
have good mechanical strength and are 
completely unaffected by sunlight or out- 
door weathering. They have zero water 
absorption by ASTM test D570-42, resist 
corrosion and growth of fungus. 

TEFLON resins are applicable to a vari- 
ety of uses in the electronic field. You can 
profitably use this versatile Du Pont en- 
gineering material in applications in- 
volving miniaturization; high-frequency, 
high-voltage, and high-temperature re 


quirements; exposure to corrosive action. 


TEFLON® 


is a registered trademark... 


TEFLON is Du Pont’s registered trade- 
mark for its fluorocarbon resins, in- 
cluding the tetrafluoroethylene resins 
discussed herein. This registered 
trademark should not be used as an 
adjective to describe any product, nor 
should it be used in whole, or in part, 
as a trademark for a product of an- 
other concern. 


(OR Re AN A A 


Insulation of Du Pont TEFLON° resins assure 


tetrafluoroethylene resins 


low losses, high temperature resistance 


New television tape recorder permits immedi- 
ate playback of TV sound and picture. Cable 
with inner insulation of a TEFLON tetrafluoro- 
ethylene resin is used in the recorder (see 
inset). TEFLON resins are frequently employed 


Designers of the Ampex Videotape Re- 
corder selected a Du Pont TEFLON tetra- 
fluoroethylene resin as insulation for 
critical points in this new electronic 
machine which records television pro- 
grams on tapes, can play back video 
and audio immediately. These engi- 
neers based their selection on the ad- 
vantageous properties of TEFLON resins. 

For example, TEFLON resins have a 
power factor of less than 0.0003. En- 
ergy losses in the dielectric are there- 
fore kept to a minimum. Owing to the 
high dielectric strength of TEFLON 
resins, rated at 500 to 4000 volts per 
mil, insulation can be made thinner 
and components smaller. 

TEFLON resins can withstand con- 
tinuous use to 500° F. and display ex- 
cellent properties at temperatures fat 


SEND FOR 
FREE DETAILS 


in electrical machinery because of resistance 
to high temperatures. (Recorder by Ampex 
Corporation — wire supplied by Sequoia Wire 
Company. Both of these organizations are 
located in Redwood City, California.) 


below zero. Temperatures experienced 
in soldering will not burn or melt in- 
sulation of TEFLON resins, and in assem- 
bly operations the material does not 
undergo shrinkage during soldering. 
TEFLON resins are tough and durable. 
A smooth, slippery surface makes wires 
insulated with TEFLON resins easy to 
handle. 

Miniaturization of electronic com- 
ponents has been fostered by the use of 
TEFLON resins, because of their superior 
electrical insulating properties and out- 
standing heat resistance. Use of the 
Du Pont TEFLON resins has helped 
solve design problems for many elec- 
trical engineers. They may prove to 
be the answer to your own needs. In- 
formation is available; simply mail the 
coupon. 


E. |. du Pont de Nemours & Co. (Inc.), Polychemicals Dept 
Room 1512, Du Pont Building, Wilmington 98, Delaware 


Please send me more information on Du Pont TEFLON tetra- 


fluoroethylene resins. | cm interested in evaluating TEFLON 


resins for 


For additional property 
and application data on Name 
Du Pont TEFLON tetra- Company 
fluoroethylene resins, Street 
mail this coupon. City 


Circle 112 on page 17 


Position 


State 


Type of Business : 
in Canada: Du Pont Company of Canada (1956) Limited, P.O. Box 660, Montreal, Quebec 





% CHANGE IN RESISTANCE 


Circle 113 on page 


All the unusual 
qualities required 
by precision 
equipment 


~and more! 


RESISTANCE 
WIRE 


efOR HIGH SPECIFIC 
RESISTANCE 


@ LOW TEMPERATURE 
COEFFICIENT AND LOW 
THERMAL EMF TO COPPER 


@ GREAT STABILITY 
OVER WIDE TEMPERATURE 
RANGES 


©VANOHM is recommended 
for all precision applications 
where complete dependability 
over a wide temperature range is 
essential, It is especially well 
suited for aircraft instruments, 
guided missiles, rockets and 
other airborne equipment. 


€EVANOHM RESISTANCE CURVE 


“0 8 
TEMPERATURE IN °C 


ANALYSIS — Ni 74.75%, Cr. 
Al 2.75%, Cu 2.50% 
CORROSION RESISTANCE — Excellent 
RESISTIVITY — 800 ohms per circular mil 
foot (134 microhm cm.) 

TEMPERATURE COEFFICIENT OF ELECTRI- 
CAL RESISTANCE — Plus or minus .00002 
ohms max. per ohm per degree centigrade 
between —50°C. and -+-150°C. 
THERMAL E.M.F. VS. COPPER — .0025 mv. 
per deg. between —50° and +105°C. 
(max.) 

NON-MAGNETIC 

HIGH TENSILE STRENGTH IN FINE SIZES 
= 150,000 to 200,000 p.s.i. 
WORKABILITY — May be readily welded or 
brazed and soft soldered with special care. 
AVAILABLE IN: (A) Bare wire .0005 and 
heavier. (B) Enamelled .0179 and finer. 
(C) Formex .0008 to .0113. (D) Silk, cot- 
ton, nylon and glass .0179 to .0015. 


EVANOTIM 


a patented, exclusive alloy produced by 


WILBUR B. 
DRIVER CO. 


"Reg. Trade Name 
NEWARK 4, NEW JERSEY 
IN CANADA 


Canadian Wilbur B. Driver Co., 
85 King Street East 


120 160 


20.00%, 


Ltd. 
Toronto 1 


| 
| 
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tric kettles come to mind. How far they 
will roam in the future we must wait to 
but I no doubt at all that 
manufacturers well will 
welcome the candid criticism of their 
goods and that a general tightening up 
of standards of branded goods will take 
place. This will affect not only the home 
but also the export goods so buyers 
should benefit. 


Editor's Comment: EM Correspondent 
C. E. Richards’ comment on a 
innovation in the field of 
organizations is 


see hay e 


as users 


as 


everywhere 


British 
consume! 
guidance interesting, 
particularly because of a quasi-official 
sponsorship by the British Standards 
Institution. In tea-drinking England, 
the electric kettle is a kitchen stand-by. 


“Effects of Nuclear Radiation on 
Electronic Components” 

R. D. SHELTON 

Executive Physicist 

{dmiral Corporation, Chicago, Illinois 

mr. TOR. 


November, 


[ refer to the comments by 
of 
page 14, on my article in the Septem- 


Edwards in your issue 


ber issue. 


Fission, in its general 
defined 


into 


usage, is 
a cleavage or breaking up 
The 
connotation in nuclear engineering, as 
Mr. Edwards 
out, is the 

the 


well 


as 
two or more parts. usual 
correctly 
of 
idea of the compound 
the methods of cal- 
culation used for light particle reac- 
to the 
(See Hughes, 
Research,” p. 35, Addi- 
Publishing Co.) The diff- 
between the fissioning of 
the capture of a_ thermal 
neutron and the fissioning of U**° by 
the 
Conceptually 


quite points 


fission heavy nuclei. 
How Cver. 
state, 


as as 


tions. are equally applicable 
fission of heavy 
“Pile Neutron 
Wesley 


ference 


nuclei. 
son 


boron by 


same means is only quantitative. 


both 
processes are the same. and merit the 


and physically, 


same classification. 


Insularization 
SIDNEY L. CHERTOK 


Sprogue Electric Company 


Vorth Vass. 


{dams, 


| have read with interest your com- 
ments under the heading “Insulariza- 
appear in the October 
ELECTRICAL MANUFACTURING. 
Veu wouldn't 
have been so outspoken if the elec- 
had the 
“minify” instead 


Ww hich 


which 
of 


Perhaps the 


tion” 
issue 


Yorker 


good 
of 
“miniaturize,” has 
long the term of 
people in electronics. “Minify” is the 
opposite of “magnify” and is the gram- 
matically Unfortunately, 
few, if any of us use it. 


tronics industry used 


dictionary word 
the bastard 
so 


been preferred 


correct term. 


Editor's Comment 


How 


true! 
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© Use Inquiry Cards To Get Detailed Information on New Components and Materials 


e Use Inquiry Cards To Get More Infomation on Any Advertised Product or Service 


| Ba ered arent 


MUP VaeP een mt nres 


ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Products 


Reviews of new developments starting on 
page 172 


New Literature 


Latest catalog and bulletin offerings starting on 
page 258 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 282 


Cards will be processed by publisher 
if received by February |, 1958. 


NEW COMPONENTS 


ADVERTISED PRODUCTS OR SERVICES 


101 126 151 176 | 201 226 251 276 301 326 351 376 | 401 426 451 476 
102 127 152 202 227 252 277 302 377 | 402 427 452 477 


NEW LITERATURE | REPRINTS 


621 636 651 666 681 701 716 731 
622 637 652 667 682 | 702 717 732 
623 638 653 668 683 | 703 718 733 
624 639 654 669 684 | 704 719 734 
625 640 655 670 685 | 705 720 735 
626 641 656 671 686 | 706 721 736 
627 642 657 672 687 | 707 722 737 


128 153 253 278 303 378 | 403 428 453 478 
154 254 279 | 304 379 | 404 429 454 479 
155 255 280 | 305 380 | 405 430 
156 256 281 306 381 406 431 
157 307 382 407 
158 308 383 408 

309 384 | 409 
310 410 
311 411 


628 643 658 673 688 | 708 723 738 
629 644 659 674 689 | 709 724 739 
630 645 660 675 690 | 710 725 740 
631 646 661 676 691 711 726 741 
632 647 662 677 692 | 712 727 742 
633 648 663 678 693 | 713 728 743 
634 649 664 679 694 | 714 729 744 
635 650 665 680 695 | 715 730 745 
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@ Use Inquiry Cards Ta Get Rooklet< Rulletine Catalane and Other Printed Matter 


© Use Inquiry Cards To Get Detailed Information on New Components and Materials 


reader 
JImeqquiry 
Service 


Electrical 


Manufacturing 


ONE Reader Inquiry Service post card—king 
size for legibility—will bring you information 
regarding anything published in this issue. 
That goes for both advertising and editorial 
pages. 

To provide a quick facility for requesting 
further information on anything mentioned in 
the editorial or advertising pages, each item or 
ad has been assigned a key number. Correspond- 
ing numbers appear in the respective grouping 
of the Reader Inquiry Service post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be forwarded 
promptly—within 48 hours of receipt of card. 
To expedite, please print or type your name and 
address, also be sure to indicate the principal 
product of your plant or laboratory. 


Cards will be processed by publisher 
if received by February |, 1958. 


READER 
INQUIRY 
SERVICE 


BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORE 20, N. Y. 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 
Reviews of new developments starting on 
page 172 

New Literature 
Latest catalog and bulletin offerings starting on 
page 258 

Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 282 


FIRST CLASS 
PERMIT NO. 45 
NEW YORK, N. Y 
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426 451 
427 452 
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516 531 546 561 576 591 
502 517 532 547 562 577 592 607 
503 518 533 548 563 578 593 608 
504 519 534 549 564 579 594 609 
505 520 535 550 565 580 595 610 
506 521 536 551 566 581 596 611 


507 522 537 552 567 582 597 612 





621 636 651 666 681 
622 637 652 667 682 
623 638 653 668 683 
624 639 654 669 684 
625 640 655 670 685 
626 641 656 671 686 
627 642 657 672 687 
628 643 658 673 688 
629 644 659 674 689 
630 645 660 675 690 
631 646 661 676 691 
632 647 662 677 692 
633 648 663 678 693 





701 716 731 
702 717 732 
703 718 733 
704 719 734 
705 720 735 
706 721 736 
707 722 737 
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710 725 740 
711 726 741 
712 727 742 
713 728 743 
714 729 744 
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508 523 538 553 568 583 598 613 
509 524 539 554 569 584 599 614 
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e Use Inquiry Cards To Get Reprints of Feature Editorial Articles 


READER FIRST CLASS 
INQUIRY PERMIT NO. 45 
SERVICE NEW YORK, N. Y. 


BUSINESS REPLY CARD 


No Postage Stamp Necessary If Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK 20, N. Y. 


READER FIRST CLASS 
INQUIRY PERMIT NO. 45 
SERVICE NEW YORK, N. Y. 


BUSINESS REPLY CARD 
No Postage Stamp Necessary If Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


1250 Sixth Avenue 


NEW YORK 20, N. Y. 
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onstantin GLASS-TO-METAL SEALS 


_— ded L 


RECTIFIERS COMPONENTS 


DEMAND 
QUALITY 
SEALS 


Seda Sia tae Aol Mee eile eae ae 
formers, relays, capacitors, rectifiers, 
diodes, crystals, or any component that 
needs glass-to-metal sealing... 

insure positive end performance with 
Oriel ets tena iol tole e 


At Constantin quality comes first. Each 
and every glass-to-metal seal is 
manufactured to the closest engineering 
tolerances ... and six, separate 

i production line check points maintain 
these tolerances thru final assembly. 


ee wear tae eel aol 
versatile .. . a most complete line of 
both standard and custom-designed all- 
in-one assemblies, end seals, transistor 
mounts, crystal covers, connectors, and 
unit headers is maintained to fulfill your 
most exacting demands. 

Engineering is of prime importance at 
Constantin, too... over many years 
smal elim Momo iri lliiale 
reputation for working with designers and 
delivering many unique and 

Wesel me l-til- hte 


TRANSISTORS 


These many-sided Constantin services can 
be yours for the asking. 


Write for complete design information 
. today! 


ers | | | | “Quality With Confidence” 


ae ee ie PY Rae 


Route 46, Lodi, ¢ 187 Sargeant Ave., Clifton, N. J. 
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How to make design 
changes in minutes..|..and cut drafting costs, too 


——ae 
——— ee 


There’s no more need to bog down drafting operations with 
time-wasting tracing or redrawing of your original design. 


Now with Ozalid intermediate materials, you can make design 
changes quickly, neatly, easily. Ozalid intermediates give you 
exact duplicate originals that can save you hours of drafting 
time. Specific detail changes are as simple as 1-2-3. Just make 
an Ozalid intermediate print . . . on film, translucent paper, 

or cloth . .. and remove obsolete details with Ozalid Corrector 
Fluid. If you prefer, unwanted details can be removed by 
“‘scissor-editing”’ or the ‘“‘lock-out’’ method. Next, draw in your 
new design and you’ve got a new, up-to-date original... 

all ready for running prints. 


And with the convenience of the table model Ozalid 
Streamliner 200, you can run prints off in seconds . . . full 42” 
width prints that are yours at low cost. No more 

waiting for prints. Now anyone in your 

office can turn out sparkling whiteprints on-the-spot. 


But why not see for yourself? Call your local Ozalid 
representative or write: Ozalid, Dept. DD-12. Johnson City, N. Y. 


OZALID’ 


Se ee ee eee 


A Division of General Aniline & Film Corporation 
In Canada: Hughes Owens Company, Ltd., Montreal 
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New */, Sensitive Relay 


APPLICABLE TO PRINTED CIRCUITS 


ALLIED TYPE RSH 

has sensitivity of 

40 milliwatts in D.P.D.T, 
and 22 milliwatts in 
S.P.D.T. 


ACTUAL 
SIZE 


ELECTRICAL SPECIFICATIONS 


CONTACTS: Up to D.P.D.T. rated at 2 amperes 
at 26.5 volts DC or 115 volts AC resistive load 


COIL: Sensitivity—40 milliwatts D.P.D.T. 
22 milliwatts $.P.D.T. 
Resistance—up to 14,000 ohms 


TEMPERATURE: Minus 60° C to plus 125° C 
VIBRATION: 10G up to 500 cycles 

SHOCK: 50G plus (operating) 

ALTITUDE: 70,000 feet or 1.3 inches of mercury 


TERMINAL TYPE: Solder, plug-in, and printed 
circuit. 


WEIGHT: 2 ounces 


Write for catalog sheet giving complete information 


@ ALLIED CONTROL @ | 


ALLIED CONTROL COMPANY, INC., 2 EAST END AVENUE, NEW YORK 21,N.Y, 


AL ise 
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INSULATING SPACER 


IGNITION WELL 


PLASKON ALKYD 446 PIERCES THE SOUND BARRIER! 


Bendix ignition wells for high-flying supersonic jets are molded 
of PLASKON Alkyd 446. The reasons: 


1—Dependable arc resistance at high altitudes under very 
high voltage. 


2—Strength enough to withstand the shock of breaking the 
sound barrier. 


3—Outstanding dimensional stability. 
4—Ability to operate at temperature extremes and to stand 
up under rapid temperature changes. 





HOW BENDIX propuces 


BETTER ELECTRICAL 
COMPONENTS—AND AT 


LESS COST—WITH 
PLASKON ALKYD 


Engineers at the Red Bank Division of Bendix 
Aviation Corporation were not satisfied with the 
performance of insulating materials used in certain 
components... particularly in generator circuit 
breakers. And costs were high because of rejects 
(due to cracking around inserts), breakage during 
assembly and costly machining operations. 


These circuit breakers are used in an overvoltage 
and fault protection system and require sufficient 
interrupting capacity to quickly and easily inter- 
rupt the output current of a 400-ampere, 28 v.d.c. 
generator under severe overvoltage, excessive 
speed and load conditions. 


Bendix required a material of extraordinary 
strength, dimensional stability, are and heat resist- 
ance. The material also had to have outstanding 
molding characteristics so that clean, precise parts 
could be produced economically. After thorough 
investigation, Bendix found that PLASKON 
Alkyd 446—a glass fiber reinforced alkyd—was 
the ideal material. 


PLASKON Alkyd 446 is now used in bases, tiny 

insulating spacers, and other components of cir- 

cuit breakers . . . in relays for inverters . . . in volt- 

age control panels and voltage regulators. It more 

than meets all performance specifications. And it 

effected considerable cost savings since a single 

molding operation has replaced the several steps SHIELD 
of fabrication previously required. 


If you are looking for a material to improve the 
performance of your electrical or electronic compo- 
nents—a material ideally suited to fast, cost- 
cutting automatic production—you will do well 
to consider PLASKON Alkyds. There is a wide 
variety of these remarkable alkyds available to 
meet widely varying needs. 


 LSKOn: 


BARRETT DIVISION, Allied Chemical & llied 
Dye Corp., 40 Rector St., New York 6, N. Y. ~ saa 


BREAKER BLOCK 
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Cut costs on tough forming jobs with 
Elephant Brand fine grain phosphor bronze 


Automatic metal-forming machines operate best 
when they are fed materials of uniform, dependable 
quality. To shape critical details like those shown 
on these switch parts, many manufacturers rely on 


Seymour ELEPHANT BRAND phosphor bronze. 


a minimum of rejections or tooling adjustments. 
Seymour ELEPHANT BRAND combines in one 

fine grain phosphor bronze alloy; high ductility, 

great strength, uniform temper, long fatigue life, 


and fine finish. These qualities prompt discerning 


Its fine grain permits making sharp bends, severe users to say: — “Specify Seymour ELEPHANT 


draws and other complex forming operations with BRAND .... there’s no finer phosphor bronze!” 


The first phosphor bronze produced in the U.S. was 
ELEPHANT BRAND. Made by a carefully guarded 
process which insures the highest degree of purity and 
uniformity, it has a grain structure of very fine, uniform 
crystals free from segregation, coring or residual den- 
dritic structure. Thus, ELEPHANT BRAND is a quality 
standard as well as a trade-mark for the original and 
finest phosphor bronze. 


THE SEYMOUR MANUFACTURING COMPANY 


Your Seymour Representative is trained to help you 


solve metals problems. Why not call him today ? 8 FRANKLIN ST., SEYMOUR, CONNECTICUT 
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SNCs fff OFF pPUEge if 


GENERAL CABLE 


ENAMEL and 
MAGNET WIRES 


FILM INSULATIONS 


Nylon is comparable to Formvar 

CONVENTIONAL | An oleo-resinous enamel which NYLON except that the dielectric proper- 

ENAMEL has high dielectric strength, good tis th ties are affected by moisture. In 

adhesion and flexibility, and low addition, it solders readily and 

Class A cnet. has superior winding qualities in 
some applications. 


A polyvinyl acetal resin which has HERMETIC 
FORMVAR superior adhesion, abrasion re- A special Formvar film having ex- 
Class A sistance, flexibility, and outstand- FORMVAR cellent resistance to Freon. 

ing toughness. Class A 


A Formvar base with a thermo- . 
. . LECTON 
plastic cement overcoat which can li : . 
FORMEZE be readily bonded by heat or Class A An acrylic polymer having opti- 
Class A solvent. Especially suitable for (unofficially mum resistance to Freon. 


coils of special shape. Class E) 


ENAMEL “‘G”’ A polyurethane-base synthetic | A polyester-base synthetic enamel 

Class A enamel. Its excellent solderability | suitable for Class B (130 C) insula- 

(unofficially at relatively low temperatures, ISONEL tion systems. Its handling proper- 

Closs E) exceptional moisture resistance, Class B ties are comparable to those of 
and outstanding dielectric prop- Formvar except for somewhat 
erties make it ideal for electronic greater sensitivity to heat shock. 
and communication applications. 


SILK, NYLON 


(YARN), RAYON Natural or synthetic textile in- 
Class O (dry) sulation. 

Class A (in oil 

or impregnated) 


PAPER 

Class O (dry) A special rope paper tape in- 
Class A (in oil sulation. 

or impregnated) 


GLASS (FIBER) 
COTTON Class B (with 


Class O (dry) Combed cotton yarn insulation. conventional Electrical-grade glass yarn 
Class A (in oil Y varnish) Class H bonded with varnish. 
or impregnated) (with silicone 

varnish) 


Combination of Dacron (polyester)—glass yarn, bonded with varnish. Dacron yarn im- 
DACRON* GLASS proves the adhesion of the insulation to the copper and provides greater abrasion 
resistance. 
(FIBER) + +Classification not yet definitely established (Probably Class B with conventional varnish; possibly 
Class H with silicone varnish) 


COMBINATION FILM and TEXTILE or PAPER INSULAHONS —Any of the enamel films may 


be combined with any of the textile or paper insulations to meet special requirements. 
*The terms “Lecton,” “Dacron,” are registered 


trade-marks of E. |. Dupont de Nemours & Co 


Nt, 
ven GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, New York 
Offices and Distributing Centers Coast-to-Coast 
IT’S NEW! » 


6” Plastic Non-returnable Spools. 


for quality and service... specity GENERAL “CABLE 
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NEMA Sizes O and 1 


\ Two, three and four-pole construction 
4 


ELECTRICAL 
EQUIPMENT 


L EQUIPMENT... NOW A PART OF THE SQUARE D LINE 


SQUARE JT) COMPANY 

















Starter has EVERYTHING! 


SMALLER! 
Takes less space, whether it's 
built into machine or mounted 
externally 


SMART STYLING! 

Matches the streamlined ap- 
pearance of today’s modern 
machines 


QWIK-MAKE, QWIK-BREAK! 


Positive snap action opening * 


and closing of contacts. Longer 
contact life 


TRIP-FREE 

OVERLOAD PROTECTION! 
Impossible for operator to hold 
motor circuit closed against 
overload 


LONGER LIFE! 

Toggle Action operating mech- 
anism. Heavy duty construction 
throughout 


CHOICE OF ENCLOSURES 





Water and Hazardous 
Dust-Tight Locations 





TF CD | 1 | 








Write tor BULLETIN 2510 B-C 
Address Square D Company, 4041 North Richards Street, Milwaukee 12, Wisconsin 





[| De | CD | DD 


EASIER INSTALLATION! 


Wire it without removing starter 
from enclosure. All terminals 
have pressure wire connectors 


EASIER MAINTENANCE! 
“Off-the-Shelf” parts kits make 
normal maintenance and modifi- 
cations easier than ever.They’re 
easy to buy, easy to identify, 
and faster to install 


TAMPER-PROOF! 

Cover padlocking device pre- 
vents tampering by unauthor- 
ized personnel. Safety latch 
locks “start’” button in “OFF” 
position 


VISIBLE INDICATION 
OF OVERLOAD! 


Self-centering pushbuttons 
show when overload has oc- 
curred 


Fractional-horse- 
power manual start- 
ers are available 
in a full line of en- 
closures including 
General Purpose, 
Flush Mounting, 
Water and Dust 
Tight, and Explo- 
sion Proof 
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for your panel instruments 
depend wes texas instruments 4 


D.C. 
AMPERES 


te 


MODEL 741 


FOR THE INDUSTRY’S 


Get immediate prototype delivery of Tl “ NVRUBN ANTE 

panel instruments... built to exceed MIL- 4 x. yr 

M-6A or MIL-M-10304A with accuracies 

within 2% or less over full scale deflection “ T = 7 4 
and fill your panel instrument needs now! { 4 J e 


movement — ac, dc, thermocouple, rectifier, style — front-of-board, semi-flush, flush 
elapsed time, vu, db 


size (inches) — 1!9, 21, 3, 314, 414, 414 
enclosure — molded phenolic case, hermeti- ‘ 
cally sealed metal case, hermetically sealed shape — square, rectangular, round, fan 
ruggedized metal case select from 


7 : special — modification to your specifications 
a wide choice 


For rapid delivery of panel instruments ... depend on Texas Instruments 


WRITE FOR BULLETIN c TEXAS INSTRUMENTS 
NO. DL-C 631 ~~ INCORPORATED 


POST OFFICE BOX 312 + DALLAS, TEXAS 
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Why designers specify FLEXLOC self-locking nuts 


Where products must be tough . . . must stand up under repeated removal and replacement, frequent adjustments will 
vibration, shock and abuse . . . designers specify rugged, not affect their locking life. 
reliable, precision-built FLEXLoc self-locking nuts as fasteners. 


HERE’S WHY: 


FLeExLoc locknuts are strong: tensile strengths far exceed critical locknut requirements. Your 
accepted standards. They are uniform: carefully manufac- 


Standard FLextoc self-locking locknuts are available in a 
wide range of standard sizes and materials, to meet the most 
authorized industrial 


distributor stocks them. Write us for complete catalog and 


tured to assure accurate, lasting spring tension in the flexible technical data. Flexloc Locknut Division, STANDARD 


locking collars. And they are reusable: rough screw threads, PRESSED STEEL Co.. Jenkintown 9, Pa. 


We also manufacture precision titanium fasteners. Write for free booklet STANDARD PRESSED STEEL CO. 


FLEXLOE (ocknur pivision 


JENKINTOWN PENNSYLVANIA 
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General Electric 


SILICONE 
BUSHING 


PAPER AND 
TANTALUM 
FOIL ROLL 


SILVER- 
PLATED 
METAL 
CASE 


announces... 


TANTALUM STUD 


PLAIN OR 
ETCHED 
FOIL 


NON-ACID 
ELECTROLYTE 


LIFE TESTS OF TYPICAL 50 VDC KSR UNITS 
Neoeanea life ot | 100° C 


Ni2s°c 


2400 <600 


TIME IN H b 


After operating at 125 C for 2000 hours, capaci- 
tance of a typical KSR unit is reduced only 12%. 


ELECTRICAL MANUFACTURING 














.. hew KSR' Tantalytic’ Capacitors 


KING SIZE RECTANGULAR units offer 


Now General Electric offers a completely new Tantalytic 
capacitor for use in computers, missiles, radar, and air- 
borne electronic equipment—the King Size Rectangular 
Capacitor. This unit offers more joules per size, weight, 


and cost than any other tantalum capacitor available. 


On a volt-microfarad basis, the new KSR’s are 40% 
lighter, 30°) smaller, and 40° less expensive than other 
125°C rectangular capacitors. Compared with 125°C 
cylindrical designs, KSR’s may be as much as 50% 
lighter, 30% smaller, and 15% lower in cost. 


Like other General Electric Tantalytic capacitors, the 
KSR units offer ‘bulk capacitance,” i.e., high volt- 
microfarads in an extremely small case. Now, one King 
Size Rectangular capacitor can often be used where 
several lower rated units were needed before. As a result 
of this bulk capacitance, costly connections are reduced 
and extra mounting brackets are eliminated. 


t Trade-mark of General Electric Co. 





thousands of microfarads in lighter, smaller cases 


In addition to the great size and weight advantages, 
the KSR capacitors offer these outstanding features: 


@ High reliability from —55°C to +125°C. 

@ Polar or non-polar construction; plain or etched foil. 
@ Long operating life at 125°C; extra long life at 85°C. 
e Excellent shock and vibration characteristics. 

@ Non-acid electrolyte for long shelf life. 

e Dual temperature and voltage ratings. 


KSR Tantalytic capacitors are now available in three 


case sizes: 1.375 inches, 2 inches, and 2.5 inches in height. 
All three have the same base size: 1.316 inches by .75 
inch. For more information on these new capacitors or 
for assistance with your capacitor applications, contact 
your General Electric Apparatus Sales Office. Or write 
to General Electric Co., Section 449-1, Schenectady, N.Y. 


* Registered trade-mark of General Electric 


Progress /s Our Most Important Product 





CO 


TYPICAL RATING: 
1000 uf at 30 vde 
(potar, etched) 


Pest Ye 

SIZE 

KSR 
CAPACITORS 
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TYPICAL RATING: 


700 uf at 30 vde 
(polar, etched) 







TYPICAL RATING: 
350 uf at 30 vde 
(polar, etched) 
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Permanent 
Viagnets 


boost 
performance-— 
lower cost of motors 
and generators 


Have you thoroughly considered all the advantages permanent 
magnets offer? Are you certain your current designs are as modern 
and efficient as possible? 

Present day permanent magnet materials enable performance 
characteristics undreamed of a few years back—and, very fre- 
quently, at a cost lower than that possible with any alternative 
method. Particularly is this true in the designs of field structures 
of modern motors and generators of all sizes and ratings. 


Consider these six advantages 


Increased efficiency, lower operating temperatures, due to elimination of field 
losses. In generators, there are no exciter or slip ring losses. 


Constant field strength under widely varying voltages and loads. 


Peak operating efficiency in adverse atmospheric conditions, or even submerged 
in water or many mild acids and alkalis. 


No field insulation damage in elevated temperature operation. 


Reduced maintenance cost and bother due to elimination of field windings and 
slip rings 


Elimination of the hazard resulting from the accidental interruption of the field of 
a d.c. shunt motor 


Why not contact a magnet special- 
ist for further discussion of this 
problem? This will provide you 
with the assistance of an engi- 
neering staff as experienced in 
magnets as you are in motors. 
Crucible Steel Company of Amer- 
ica, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 


first name in special purpose steels 


Crucible Steel Company of America 
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Duna 


Drive Package Provides 
Duty Adjustable Speeds ae 
AC Power Source 


CONTROL 's CONTROL 
PANEL Zi STATION 


The complete Dynamatic power package includes all components 
required to provide infinitely adjustable speeds from an alternating 
current power source. A Dynamatic Ajusto-Spede® or Dynaspede® ————— 
Drive, with electronic control and pushbutton station, satisfies the DYNAMATI 
requirements of almost any application where proper machine yoo 
operation or material processing depends upon control of operating : 


AJUSTO-SPEDE DRIVE 
speeds. 


The compact control panel may be remotely mounted to conserve 
valuable space on the driven machine. The pushbutton station at 
the operator’s position puts vital controls conveniently at the 
operator’s fingertips and requires a minimum of space. 


Speeds are infinitely adjustable from 0 RPM to full output speed, 


and accurate speed regulation may be obtained from 100 RPM to 
full output speed. 


Ajusto-Spede® Drives, available in ratings of 1/, horsepower to 75 
horsepower, are air-cooled. Dynaspede® Drives, rated from 3 to 
75 horsepower, are liquid-cooled. Raise your productive efficiency 
with Dynamatic eddy-current units, 


A Mme ele ee ti ael | 
ae CPi) me) 1 tm eh 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE ° KENOSHA, WISCONSIN 
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CALCULATIONS 
CAUSING 


NEW PRODUCT APPLICATION ? 


UP AGAINST 
SEVERE HEAT CONDITIONS ? 


1957 ASSOCIATED SPRING CORPORATION 
BRISTOL, CONN 


a 


a 


NO TIME FOR 
RESEARCH ? 


WISH YOU HAD TAKEN UP 
ANOTHER LINE OF WORK? 


TRYING TO COIL YOUR 


OWN SPRINGS ? 


SPRINGS « WIRE FORMS ¢« SMALL STAMPINGS « SPRING WASHERS 


ELECTRICAL MANUFACTURING 





BECOMING IRRITABLE 
AT ASSOCIATES ? 


WORKING IN AN 
UNFAMILIAR ELEMENT ? 


OXeh 


USING TRIAL-AND-ERROR 
METHODS ? 


NO PROBLEMS ? 
(LUCKY FELLOW) 


FIGHTING 
CORROSIVE 
CONDITIONS ? 


Send for 
booklet 
“Spring Design 
and Selection— 
in brief” 


DIVISIONS OF P 
ASSOCIATED 


SPRING 
CORPORATION 


oN 


+O 
OA EECT xen 


os > 
ERMITAS co: \w 
al 


\) 


GENERAL OFFICES: BRISTOL, CONNECTICUT 
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Silastic covering on the lead wires of this 
transformer permit it to operate under adverse 
conditions, close to the load. Outdoor weather- 
ing, moisture, heat, or corrosive atmospheres 
do not injure insulation of Silastic 


4 
j 
4 


SULASTHL insulation resists heat, wet, weathering 


Moist atmospheres and high temperatures have little 
effect on insulation of Silastic*, the Dow Corning silicone 
rubber. Silastic resists outdoor weathering, arcing, 
corona, and its dielectric properties are maintained from 

Get latest data on Silastic 130 to 500 F. This ideal dielectric material finds 
extensive application in aviation wire, power supply, 

Mail coupon today and control cable and hook up wires. Contact the leading 
wire manufacturers. 


Typical Properties of Silastic for Wire and Cab‘es 


; 

' : - 

; ° Temperature range, “| 136 .o 500 
' e Tensile strength, psi 600 to 900 
' e Elongation, “ 150 to 300 
e Insulation Resistance. megohms/1000 ft. 1000 to 3000 
, e Dielectric strength, volts / mil 300 to 500 
: e Dielectric Constant, 10? cycles per 

! 
' 


; Es 
second, nominal 5.2 


lf you consider ALL the properties of a silicone rubber, you'll specify SILASTIC. 


first in 


silicones 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 
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PUTTING THE DIFFERENCE IN DIFFERENTIALS 


CY’ PAK 


to speed production and cut rejects 
at Canadian Acme Screw & Gear, Ltd. 


CYPAK* static controls do the thinking on Canadian Acme 
Screw & Gear’s new 15-station transfer machine, producer of 
differential cases for automobiles . . . choose each operation 

in the sequence . . . signal the component stations to perform at 
the correct instant ... provide maximum continuous operation 
with less down time, fewer rejects. 


Because Cypak is completely automatic . . . has no moving parts 
to wear or jam, it can perform the most complicated functions 
faster, with no mistakes. And you can count on Cypak to give 
you 15 times longer operating life than conventional relay controls. 


Ask your Westinghouse sales engineer for detailed information 
about the ways Cypak can benefit you. Or write 
Westinghouse Electric Corporation, Box 868, 

3 Gateway Center, Pittsburgh 30, Pennsylvania. J-22076 
*Trade-Mark 


you CAN BE SURE...1F ITS 


<NSA 


Westinghouse |W) 
“4 
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Of li} SHAKEPROOF 
Lock Washers 


than any other washer 
or washer substitute 


S 


Shakeproof locking teeth can be incorporated into 
many types of lock washers... for added strength, 
countersunk, and elongated holes, heavy-duty ap- 
plications and other requirements. 


Shakeproof Lock Washers assure maximum vibration protection for your product 
Exclusive tapered-twisted teeth resist loosening * Assure maximum locking 
engagement eForm positive brace against rotation *Resist shock 


Available in nearly 500 job-tailored styles and wide size range. 


Send. for Shakeproof Lock Washer Sample Kit 


€ 
Pee: 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Road, Elgin Illinois *« Offices In Principal Cities 
In Canada: SHAKEPROOF-FASTEX, Division of Canada Illinois Tools, Ltd., Toronto, Ontario 
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eee ae 


faster bake... 


hig} lids... 
ree ic CLASS B heat endurance-plus! 


Sherwin-Williams Here's added protection against thermal failures — plus savings 
V61 V3 Clear Synthetic in baking time up to 50@! Sherwin-Williams V61 V3 Clear Svnthetic 
Insulating Varnish Insulating Varnish is fully recommended for Class B temperature 
Cuts baking schedules Polymerizes applications (130 C. or 266° F.) and meets military specification 
mpletely in shorter time—11/2 hour ,11974 T ; 
4 TPE tet Ooch oes. Seas OT MIL-V-1137A, Type M. 
wing second dif In addition, it permits faster baking schedules that can speed 
Protects against insulating oils 
Jes unusual resistance to transforme 


Stanolex and penetration and high solids deposit of a wide range of electrical 


up assembly and packing operations. It meets the need tor deep 


Pyranol ; : ; i j 

winding applications, including transformers, rotors, stators and 
Penetrates deeply—deposits high solids ar? . 1: 7 

Higher solids content:(50%) at dipping radio and TV components. It is supplied in various solids contents 


] 


viscosity permits deep penetration of and solvent blends to meet specific needs 


ndings, with better solids deposit ; 

iieaads adi S 2 = 

assis te Sienennent: aide \rrange to run your own tests on this outstanding thermosetting 

Applications including power hand t varnish. Contact vour nearest Sherwin-Williams Industrial Zone 
armatures rotating at 16,000 to 20 . a ri ; 2 . . ; es aka 

Office or The Sherwin-Williams Co.. General Industrial Division. 


rpm. prove high bonding strength 
Has excellent moisture resistance Cleveland re ¢ Yhio. In Canada: 2875 Centre Street, Montre il. 


One of the complete line of a SHER WI N- WéHILLIAMS 


vg ed INSULATING MATERIALS 
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TWIST WIRES... 


DIP IN SOLDER... 


Anaconda announces An 0] aC an improved 


New Analac’ 


} | 


pe used 


film-insulated, solderable magnet wire can 


similarly to Formvar or Plain Enamel except that 
it is solderable without stripping! 
Soldering by dipping, iron or gun produces a pertect 


joint In just one second in finer sizes without prior re- 


moval of the insulation. Analac reduces labor, saves time 


and money wh revel 


many soldered connections are 


made, or where small diameter wire makes other means 


of insulation removal hazardous to the insulation or wire. 
Not only this, Analac 


sistance and other good mechanical properties of the 


namel wire youre now using. It handles readily. per- 


has the excellent abrasion re- 


forms well in high-speed winding. 


Analac is colored a bright red with stable dye used 


many years for identical applications—making it highly 


visible even in finest sizes. T his helps operators teel more 
secure, results in higher quality work. Distinctive color 
simplifies its identification, too, from nonsolderable wires. 


Analac is available in an exceptionally large range of 
sizes. The Man from Anaconda will be glad to give you 
more information and help with a production run in your 
plant. See “Anaconda” in your phone book—in most prin- 
cipal cities—or write: Anaconda Wire & Cable Company, 
Magnet Wire Headquarters, Muskegon, Michigan. 


*Reg. 1 S. Pat. Off 





STRONG JOINTS —as strong as the same joints made 
in bare copper wire—are produced. Here in laboratory 
test, joint holds under high stress. 


shown in this test. It has the same high windability 
normally associated with Formvar, Plain Enamel. 


JOINT IS COMPLETED WITHOUT 
STRIPPING WIRE with Analac wire dipped in 


a 50-50 tin-lead solder at 360°C (680°F). The insulation is 
removed at the temperature of molten solder. 


solderable magnet Wire os.ceesreeee en 


oped by Anaconda protect spools of Analac from dam- 


age during shipping. Result: no breaks due to bent 
spools. 


See the Man from iidiianiaien ial 


b ane 
ANACOND — =. 
for ready-to-solder | | 3 A 
Anaiac NEWCATALOG ON ANALAG 


Yours for the asking. 


magnet wire Mail coupon 


for your copy. 


ADDRESS 


CITY, ZONE, STATE.... 
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Mallory Vitreous Enamel Resistors 


Mallory wire wound, vitreous enameled resistors (power type) have 
been proved in long service to industry. They have recently been 
certified as meeting MIL specifications under classifications G and V, 
MIL-R-26C, in the range of sizes and power ratings shown below. 


“Thermally balanced” construction, pioneered by Mallory, assures 
MALLORY MIL Types excellent resistance to thermal shock, in addition to other severe 
RW-29 0.10— 5,600 ohms environmental hazards. The leads are spot welded to rugged tab- 
RW-30 0.10— 2,500 ohms type terminals. Mounting feet are supplied with all values having 
RW-3] 0.10— 6,300 ohms 50-, 100- and 200-watt power ratings, and are available for 5- and 
RW-32 0.10— 10,000 ohms 10-watt sizes. 
RW-33 0.10— 18,000 ohms 
RW-35 0.10— 40,000 ohms Other members of the Mallory line of accepted and proven power 
RW-36 0.10— 56,000 ohms resistors for commercial service include Cement-coated, Axial-lead, 
RW-37 0.10— 90,000 ohms Vitreous enamel coated adjustable, and type K variable resistors. 
RW-38 0.10—140,000 ohms Whether your requirements are for commercial or military equip- 
RW-47 0.10—180,000 ohms ment, you can rely on Mallory for dependable components. 


Expect more...get more from 


P.R. MALLORY & CO. inc. 
Serving Industry with These Products: 
Electromechanical — Resistors © Switch ® Tuning Devices © Vibrators 


Electrochemical— Capacitors ® Mercury and Zinc-Carbon Batteries 


Metallurgical—Contacts * Special Metals ® Welding Materials P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


Parts distributors in all major cities stock Mallory standard components for your convenience. 
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EPON RESIN does it! 


Improved GOOD-ALL capacitors have low leakage, 
hign stability—even in extremely humid climates 


Here’s how: 


pon rEsIn is helping to 
set new standards of excellence 
in a line of 600 UE capacitors 
made by Good-All Electric Manu- 
facturing Company, Ogallala, 
Nebraska. 

Good-All reports that Epon 
resin offers superior moisture re- 
sistance ... far better humidity 
protection than obtained with 


conventional molding materials. 
These capacitors offer rugged, 
trouble-free performance because 
Epon resin assures high dielectric 
strength, low leakage, great re- 
sistance to chemical and corrosive 
attack, and handsome appearance. 

For molding . . . for potting... 
for laminating, sealing and encap- 


sulating . . . Epon resins are pre- 


ferred because they offer an almost 
ideal combination of electrical and 
physical properties. 
e © * 

Write for complete information 
on the use of Epon resins in pro- 
tective enamels, tool and die ma- 
terials, etched circuit laminates, 
transformer and motor sealing 
compounds. 


SHELL CHEMICAL CORPORATION 


CHEMICAL SALES DIVISION, 380 Madison Avenue, New York 17, New York 


Atlanta + Boston + Chicago + Cleveland + Detroit » Houston + Los Angeles » Newark » New York + San Francisco + St. Louis 


IN CANADA: Chemical Division, Shell Oil Company of Canada, Limited + Montreal + Toronto - 
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other outstanding 


*ESSEX ENGINEERED 
production proven products 


WIRE a-zc CABLE 


Tl ielm lle i iad 
Automotive 


“ eOitaice ia coy) 
Yh. . 
ee ¢ Uj” GENERAL PURPOSE RELAYS 
. ‘ , A.C. or D.C. General Purpose Multipole re- 
lays. For circuit switching of electrical inter- 
locking remote control devices. Features 
special cross-bar contacts for low-voltage, 
low current circuits or button type contacts for 
power switching circuits. Request Bulletin 
No. 1060. 
E ¢ . R-B-M “Control” Division 
a-le ito MEI Sar tiola) 4 Logansport, Indiana 


fete lis telat 


Electronic 


Oil Burner 


Neon Sign 


... laboratory-developed to meet the unique 


requirements of your specific application! |\ conen corvs 
q J 


Coiled Cords automatically synchronize with 
moving components that are electrically 
The Essex “Extra Test*”’ approach to the development of quality wire poner, Toive are ae Seeeins. Senanen 
/ cords in the way... because Coiled Cords 
products has gained the confidence of engineers in every industry RatEnE One ettneh an aanene. Sammnetn Bie 
? ¢ of cord sets and power supply cords. Write 

where electrical wire products are a factor! The full line of lead, aaaaiatiaaaneaee 


5 p ; s z Cords Limited Division 
appliance, automotive and refrigeration wires ... plus submersible DeKalb, Iilineis 


pump cable and 200° C. Sil-X* insulations are outstanding examples 
of the versatility of “Essex Engineering.’’ Thorough engineering, 
from conductor to covering, has made available a wire of type and 


size with vital properties that assure you outstanding performance. 


Unusual wire or cable specifications need not trouble 
today’s engineer. By investigating the complete line of REFRIGERATION WIRES 
SX Wires and Cables, most wiring requirements can be 


. . ; ee »» The complete line of “Essex Engineered” in 
quickly met by one or more of the Essex “Standards”’; P — 9 


, : ; : ternal, lighting circuit, heater and lead wire 
thus hastening delivery, affecting far greater economies, ... plus flexible conduit, power supply cords 


and guaranteeing an Essex Engineered “Industry and thermostat cables, are approved by 
Proven” product. UL and CSA. ee 


Wire and Cable Division 
Fort Wayne, Indiana 


WIRE: CABLE DIVISION 


ESSEX WIRE CORPORATION \aigeiealiataata taal? 
FORT WAYNE G,. INDIANA 
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Securely sealed for low maintenance = 


© 
Perlertanil-Roted 
MOTORS 

1/20 to 400 H.P. 


DECEMBER 1957 


TOTALLY ENCLOSED 
FAN COOLED MOTORS 


When motor maintenance goes down, production goes up. Century TEFC Motor 
protects itself from dust, grit, chemical fumes, moisture. Shaft openings at each 


end are labyrinth-sealed, and there is a precision clearance between metal 
seal and bearing bracket. 


Outside, a hose or whisk broom quickly cleans it. External fan forces jets of 
cooling air across the frame. Inside, vital motor parts are completely sealed 
off from injurious atmosphere. Factory lubrication of bearings is adequate for 
several years’ service under normal conditions; however, whenever required 
bearings may be relubricated through grease plugs. 


For full facts on your specific application, call the Century District Office or 
Authorized Distributor nearest you. 


CENTURY... building TEFC Motors for 25 years 


CENTURY ELECTRIC COMPANY 


1806 Pine Street © St. Louis 3, Missouri © Offices and Stock Points in Principal Cities 
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This SCREW 


requires 


ductile wire! 


The superior ductility of Chase 
wire makes forming easier on 
big-head screws or rivets. 


THE CHASE WIRE SERVICE MAN, \\. F. Schmollinger, our wire mill superintendent, heads our team of 
xperts...spends his time solving your problems. Often in the field, working with engineers and shop foremen, 


is helped many manufacturers of cold-headed parts to make a finer product! 


ELECTRICAL MANUFACTURING 





This BOLT This WOOD SCREW 


requires requires 
high-strength wire! “in-between” wire! 


High-strength Chase wire Some items, like wood screws, 


for square and hexagonal head call for wire with both 
high streneth and ductility. 


bolts makes a finer quality product. 


to tit your product! 


si 
4 


, | 
ht * ‘WHAT DO YOU NEED IN WIRE? _ fections, even the best wire can't do a perfect 
La job unless it’s the right alloy and temper for you. 
Ductility? High strength? Perhaps a 
certain amount of both? Chase makes 
a variety of alloys and tempers, to 
meet most every production require- 
me nt. But if Chase doesn't already make it, we'll 
product-engineer wire for your individual needs! 


So before you order wire again, get in touch 
with Chase. Tell us just what you do with wire 

. what properties you look for...describe any 
problems you may be having. Send us samples 
or drawings of your product. By studying your 
individual requirements, trained Chase techni- 

It's a unique Chase service! Although Chase cians can help you gain greater efficiency and 
wire is quality-controlled and free from imper- economy in production. 


Contact the Chase Wire Service Man through the warehouse or office nearest you! 


Chase # 


BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT 
SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 
Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York (Maspeth,L.I.) Philadelphia Pittsburgh Providence Rochester St. Louis San Francisco Seattle Waterbury 
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for your 
miniaturized equipment... 


SANGAMO 


Button’ Capacitor 


Assemblies 


71a ——| }+-—— 1022 ———— 
simplify circuits... 
save space... 
solve mounting problems! 


TYPE NS1 


Sangamo Multi-section Button Assemblies ideal for use in VHF and UHF circuitry. 


are silvered mica button capacitors, pre- se : E s 5 
. ea I'wo types and dimensions of assemblies 
mounted in silver-plated non-ferrous ; — 
a ' in the Sangamo series are shown above. 
brackets. They are easy and inexpensive ee 
ee ae Any suitable combination of buttons may 
to mount in miniaturized equipment where ; : : ; 
be selected for mounting. All Sangamo 
many buttons must be installed in a small 
a ; button type mica capacitors used in these 
space. These multiple assemblies supply = ; on ee 
assemblies conform to military specifica- 

tion MIL-C-10950B. 


their own common circuitry—retain the 
low inductive design advantages of con- 


ventional button mica capacitors—are Write for complete information and prices. 


SANGAMO |! Electric Company 


Sr RINGFLELD, teLIn Oo t's 


$C57-12 
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Keller “‘Wire-Wrap” tools play an important part in assembly of these 
well-known products: TV sets, computers, electric motors, radios, 


Why solderless connections with 


ce ; 
Keller (Ui7e- Uap ® Tools are fast... reliable 


Empty “Wire-Wrap” 
tool spindle 


DECEMBER 1957 


Keller “‘Wire-Wrap” tool is fast operating— 
only seconds per connection. It automatically 
wraps wire around terminals to make solder- 
less, permanent connections. No additional 
operations required. Tool weighs just one 
pound .. . no operator fatigue to slow down 
production schedules. 

There are no faulty connections requiring 
expensive hand repair work. To date, well 


over 700 million connections have been made 
with “‘Wire-Wrap”’ tools without a reject. The 
exclusive controlled-tension compresses wire 
into terminal to assure permanent metal-to- 
metal contact. Either air or electric models. 

Possibly you can step up production with 
““Wire-Wrap” tools while reducing assembly 
costs. Consult with your Gardner-Denver 
Industrial Specialist. 


2.7 to 3 seconds to make a connection 


Insert wire 
in top opening 


Anchor wire 
in side notch 


A De 
4 
ag 

Re 

S ' 


‘ a 
“nce \8?-4 


eat 
© é 


Insert terminal 


in bottom opening around terminal 


_ = ENGINEERING FORESIGHT—PROVED ON THE JOB 
s Y IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 
i 
; 


GARDNER - DENWER 


Gardner-Denver Company, Quincy, Illinois 


Circle 138 on page 17 





Apply power to wrap wire ‘Finished connection 
is permanent 


WHATEVER THE APPLICATION 


you can improve your product with 


GRAMIX 


(PRODUCT OF POWDER METALLURGY) 


PRECISION FINISHED PARTS 


GRAMIX precision finished parts are improving products in 
virtually every branch of industry. A pump manufacturer, 
for instance, may specify a gasoline pump rotor made 

of GRAMIX and gain a number of advantages. 


To begin with, the alloys are carefully blended to meet 
his individual requirements. The GRAMIX parts are then 
die-pressed to exact shape, sintered under rigid control 


Hardened steel drive 
and finished to tolerances as close as .0005”. 


sprocket for lawnmower 
(This process, of course, costs far less than machining, 


forging or casting.) The manufacturer can expect the 
GRAMIX gasoline pump rotor to do a better job because 
all GRAMIX parts are precision engineered and precision 
controlled from alloying to finishing. 


Iron switch control 
No matter what the application may be, GRAMIX parts 
fit specifications exactly. Parts may be impregnated 
with oil... to insure a longer life and a quieter operation: 
if specified, the GRAMIX parts may be coined and work 


hardened, even prepared for plating. 


The rotor is only one of thousands of applications 

in which GRAMIX precision parts have proved to be 
ideal. Just a few of them are shown here, so consider 
the components of your products . . . there may be several 
that could be improved ... with GRAMIX! Products 

of powder metallurgy you can rely on. 


Rotor for gasoline pump 


Packing gland follower used 
in hydraulic system 


Write today for factual fa 


Engineering Bulletin No. 21 
.. we'll send your copy. 


— U : Bronze rotor in high 


speed fueling unit 


X-245-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW MICHIGAN 


GRAPHITAR® cARBON-GRAPHITE © GRAMIX® POWDERED METAL PARTS © MEXICAN® GRrapHiTe ProoucTs  USG™ BRUSHES 
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“¢ TOUGHER INSULATION! 


0 Lag 
a 

t- 

¥ << 


... just one of many General Electric Form G 
motor* features which can help improve 
your product and lower your costs! 


UNMATCHED DEPENDABILITY of G-E Form G 
motors is due in part to polyester film insulation, 
shown here withstanding a 24,000-volt blast. 
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MILLIONS OF G-E FORM G MOTORS have been sold 
since this design, the first in the new NEMA 48- and 
56-frame ratings, was introduced five years ago— 
perhaps the most enthusiastic acceptance of a new 
motor in history. Today, there’s a G-E Form G 


motor to meet your needs without costly “specials.” 


a iv 


Try this 3-step program which can help you 
IMPROVE YOUR PRODUCT AT A SAVINGS! 


STEP 1: Call your G-E Apparatus Sales Office. General 
Electric sales engineers have helped hundreds of cus- 
tomers save countless thousands of dollars by taking 
full advantage of all the benefits of the G-E Form G 
motor design. Combine your knowledge of your 
product with his knowledge of motors, and take. . 


STEP 2: With the help of your G-E sales engineer, 
choose the exact motor you need from the complete 
line of G-E Form G motors. Try it on a sample basis. 
No matter which one you select, it will have all the 
years-ahead features shown at right, and it will be a 
proved performer (more than 6 million are in use). 


STEP 3: Together, decide how to take maximum ad- 
vantage of the inherent cost-reducing abilities of the 
G-E motor. Your discovery may be as simple as that 
of one manufacturer who found that the close toler- 
ances of the G-E Form G motor permitted him to 


mount the motor direct, eliminating several costly 
parts. A very slight adjustment saved him more than 
30¢ per unit! 

This 3-step program has led thousands of manu- 
facturers into cost reductions. A few examples are 
shown at right, under the flap. There are hundreds 
more—like the compressor builder who cut over-all 
manufacturing costs 25%. Or the pump manu- 
facturer who doubled sales of his streamlined product 
Or another who cut his shipping costs by 35%. Or still 
another who hasn’t heard of a motor failure on his 
product in three years! 

The results this program can produce for you are 
not mythical—they’re tangible, measurable benefits 
that can actually affect your profit picture. A motor 
that has done so much for so many can help you, too 
Why not give it a try? Take the first step today 
call your G-E Apparatus Sales Office now! 


Product literature and actual case histories available on request from General Electric Co., Section 702-61, Schenectady 5, N. Y. 
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MYLAR™ POLYESTER FILM insulation FORMEX? INSULATED WIRE can be 


PROTECTIVE VARNISH on entire 
(right) has 35 times the moisture re- 


bent, twisted, crushed without harm. stator assembly provides protection 


sistance of ordinary motor insulation. Also resists heat, moisture, corrosion. from moisture, abrasion and rust. 


CENTRIFUGAL 
STARTING MECH- 
ANISM is famed for 
dependability — has 
performed 31/2 mil- 
lion consecutive 
starts on test. 


*Reg. Trademark, DuPont Co 
tReg. Trademark, General Electric Co 


LARGE OIL RESERVOIR holds 50% BRAIDLESS NEOPRENE LEADS, perma- 
more oil than old-style designs, con- 


tributes to doubled lubrication life. 


SPEED NUT welded inside motor shell 


nently color-coded, have great insu- permits fast, easy conduit connec- 


lating strength and moisture resistance. tion from outside — speeds assembly. 


=~ < \, 


OLD STYLE G-E FORM G 
MOTOR MOTOR 








---PERFORMANCE-PROVED MIL 


BERKELEY PUMP CO. ; AUTOMATIC POULTRY FEEDER CO. 
ae : Zeeland, Mich. 









BALANCED DESIGN. *‘G-E Form G motors give us everything we 
want for our shallow-well and deep-well jet, centrifugal and 
swimming pool pumps: moisture protection, plenty of torque and 
yverload capacity, assembly savings, and dependable operation.”’ 


TOP PERFORMANCE. “Our automatic poultry feeder 
a itl moon requires a motor with enough break-away torque to pull 
a flat chain through a feeding trough. It must meet 
tough duty cycles in temperatures from above 100 F 
to below freezing. We’re 100% sold on G-E motors.” 


Chicago, Ill. 


WHITEWATER PUMP CO. 
Whitewater, Wis. 





WEIGHT SAVINGS. ‘“‘The G-E Form G motor has speeded COMPLETE LINE. ‘‘We make many types of pumps, but 
assembly, reduced shipping costs, and increased the portability the completeness of G.E.’s line permitted us to stand- 
of our tying machine. Complaints are a rarity. In 50 years, ardize four years ago. We’ve saved time and money, and 
we've used nothing but G-E motors. What more can we say?” the Form G motor has added to pump efficiency.”’ 








ILLIONS OF TIMES OVER! 


ERASER COMPANY, INC. 
Syracuse, N. Y. 


RAY-DOR MANUFACTURING COMPANY 
Cleveland, Ohio 
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Box ALL-ANGLE MOUNTING. ‘‘The Form G motor has been 
ae used in many different positions on our wire strippers, 
iss but it always performs perfectly. In nine years, we’ve 


never h 2TH) a1 ary] - as ners 20 . 99 
never had to repair or replace a General Electric motor. DEPENDABILITY PLUS. “An electric motor that 


leaked oil when installed on our garage door 
opener would be a serious problem. Since we 
switched to the G-E Form G motor, we’ve never 
had a complaint of any kind. In addition, the G-E 
motor has simplified our manufacturing pro- 





WALLACE, DAVIS CO. 
lat eee 


eder cedure, and improved our product mechanically, 
pull electrically, and visually. We think the General 
oe Electric Form G motor is tops in its field.”’ 
)0 

we.” 


DEVILBISS CO. 
Toledo, Ohio 


7 ‘A 





s, but EXTREMELY RUGGED. “‘Our portable filter for swimming pools MAXIMUM EFFICIENCY. ‘‘To deliver more air 
tand- must survive even hurricanes and blizzards. In 24-hour-a-day with less current consumption, we chose the G-E 
yr, and tests under the worst conditions, the G-E Form G motor Form G motor for this all-purpose air com- 
ncy.”’ performed flawlessly. It has contined to do so in actual use.” pressor. It’s quiet, requires little maintenance.” 





it’s service you’re after. .— 


call a Hoover Man 


If you want the kind of service fea- _ place if you come to Hoover. We’ve 


tured in this cartoon, we aren’t mak- been satisfying the die-casting de- 
ing any promises. But if you want mands of many different industries for 
service in quality aluminum and zine 35 years. Let one of our Sales Engineers 


alloy castings, you'll come to the right tell you about us. Why not today? 


THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 
In Canada—Hamilton, Ontario 














Type F: Miniature 1 2-po- 
sition, 30-60° throw, can 
be mounted in 1-5/16” 
circle; phenolic, Mycalex 
or steatite. 


Type H: Standard 12-po- 
sition; 1-7/8” diameter; 
15-30-60° throw; pheno- 
lic, Mycalex or steatite. 


Types J, K, N: 1-17/32” 
diameter; provides for 
flexibility of layout; inter- 
changeable sections, 
phenolic or steatite. 


Type L or DL: Using dual 
eyelet fastening; 1 8-posi- 
tion; mounts in 2-9/32” 
circle, phenolic, Mycalex. 
























Multiple Shafts com- Type MF: 24-position 


bined to operate snap 
switches and potentiome- 
ters; many different sec- 
tion types. 





an INFINITE VARIETY 
from standard parts 





Series 20: Simple switch 
for tone controls, band 
switching, and talk-listen 
circuits 


For Printed Circuits: 
Special lug design for in- 
sertion into printed circuit 
boards. 





; SWITCHES 
aw EJ y CHOPPERS 

ROTARY SOLENOIDS* 
SPECIAL ASSEMBLIES 
VIBRATORS 


@ No matter what you need in low-current switches, 
you are most sure to find it in an OAK switch design. In the 
last 25 years, OAK has produced over a quarter billion 


switches—rotary, slider, pushbutton, plug, and door switches— 
in thousands of variations. Why not take advantage of 
OAK’s unmatched, switch engineering background . . . 
production facilities ... and huge inventory of tooling? 


MFG. CO. 
WRITE FOR your copy of the OAK Switch Catalog which Dept. H, 1260 Clybourn Ave., Chicago 10, Ill. 


covers the most popular of OAK’'s standard switches. Telephone: MOhawk 4-2222 


*Manufactured under License from G. H. Leland, Inc. 


Type 160 Rotary Slid- Type 130 Pushbutton: Type 80 Pushbutton: 
er: 7/8” height allows Available with from one Very adaptable. Used in 
shallow chassis; leads are to 24 buttons, 32 contacts communication equip- 
readily accessible. each button. ment; economical for less 


complex applications. 
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BAND OF “SCOTCHPLY” Reinforced Plastic is quickly, 
easily wrapped around this large armature. 


New 3M insulation solves 
armature banding problems 


‘“SCOTCHPLY” Reinforced Plastic has over 100,000 psi tensile strength at 300°F 


Here is a remarkable new insulating material with manufacture of electrical equipment. For further in- 
long, stable life at high temperatures. “SCOTCHPLY” formation about “SCOTCHPLY” Brand Reinforced 
Brand Reinforced Plastic strengthens, insulates and Plastic, contact your nearest 3M Electrical Products 
bonds all in one operation. This high-strength, light- Sales Representative or write Minnesota Mining and 
weight material cuts banding costs because it applies Manufacturing Co., Dept. PH-127, St. Paul 6, Minn. 
faster, requires no soldering, and eliminates the need 

for additional insulation either below or above the 

band. 


“SCOTCHPLY” Brand Reinforced Plastic is a 
moldable epoxy resin reinforced by continuous, non- 
woven glass filaments. It may be applied as a band 
at high tension loads with greater safety than was 
ever before possible. It has high dielectric strength and 
insulation resistance—is non-inductive —and resistant 
to moisture, acids, alkali, and insulating oils. 


“SCOTCHPLY” Reinforced Plastic increases the 
operating life of motors, generators and other electrical 


equipment—even under the most severe operating ARMATURE AFTER BANDING with “SCOTCHPLY” Reinforced 


Plastic. Job was done faster, at less cost, than is possible with 
range of engineering and structural possibilities in the ordinary banding methods. 


conditions. Its unique properties open up a whole new 


S. Pat. Off 


SCOTCHPLY Reinforced Plastic 


BRAND 


erOOUcr o, 


SCOTCHPLY a re ered trader f Minnesota Mining and Manufacturin ompar aul 6, Minn. Export Sales Office 


New York 16, N_Y. In Canada: P.O. Box 757, London, Ontario "eseanc™ 
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How to give electrical conductors an improved 
margin of safety at elevated temperatures 


Tests show influence of silver on 

tensile properties of high-conductivity 

copper at elevated temperatures 
Silver-bearing copper is used extensively in windings, 
collector rings, and commutators of motors and genera- 


tors, in order to retain structural strength at elevated tem- 
peratures during assembly and operation. 


YIELO STRENGTH 
1000 PS! AT 0.2 % OFFSE 


There are now many other places where electrical con- 


100 150 200 250 300 350 400 450C ductors must stand up under temperatures well above 
TEMPERATURE those heretofore considered normal. 


The amount of silver needed to meet a particular set of 
conditions, however, has until recently been difficult to 
determine. At the left are charts summarizing the results 
of tests made in The American Brass Company Metal- 
lurgical Research Laboratory, which can help serve as a 
more precise guide. 

The curves for the yield strengths at 0.2 per cent offset 
and 0.5 per cent extension are significant to electrical 
engineers with problems involving the operation of con- 
ductors at elevated temperatures, for these values are 
indices of the limits of elastic behavior. The drop in 

100 150 200 250 300 350 400 450C absolute values of the tensile properties of all three cop- 
TEMPERATURE 


YIELD STRENGTH 
1000 PSI AT 0.5% EXTENSION 


pers with rising temperature, however, should be noted 
and be allowed for in the selection of shape and size of 
conductors that are expected to run hot. 


For more complete information on the effect of tempera- 
ture on the mechanical and electric: . — of cop- 
per, send for a copy of Publication C-25, “Anaconda Cop- 
per for Electrical Conductors.” ve 62-page book also 
has a wealth of other general information, plus con- 
venient new tables to help you in the selection of rigid 
bus conductors. 


TENSILE STRENGTH 


Technical Service. The assistance of Anaconda spec ialists 
in the selection of conductors to meet your special prob- 
lems is available to vou. For such assistance—or to get a 


100 150 200 250 300 350 400 450C copy of “Anaconda Copper for Electrical Conductors 
TEMPERATURE see your ne arby Anaconda re presentative. Or writ Phe 


A. Silver content normal American Brass C jompany, Waterbury 20, Conn. 
B. Silver 8.7 ounces per ton 
C. Silver 28. ounces per ton 


Copper strips cold rolled, 0.050 ins. gage 
Time to heat, approximately 1% hours 
Time of test at heat, approximately V4 hour 
Speed, testing machine head, 0.01 ins. per min. 


American Brass Company Metallurgical Research Laboratory 1954 COPPER CONDUCTORS 


Made by The American Brass Company 


THERE’S AN AACONDA ELECTRICAL CONONCTOS FOR EVERY NEED 


ae y TT ROUND TUBES [| SQUARE TUBES hel tabla a Lae 


SQUARE TUBES 
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product... 


Call Jack & Heintz America’s leading specialist in 
Customized motors, ', to 5 hp (‘4 to 15 hp in submersible models). 
We'll gladly devote as much time as it takes to design a 
motor that can operate in water, oil, gasoline and many other 
fluids. A motor that e/ectrically, mechanically and physicall) 
will fit your submersible pump design perfectly. 
Customizing electric motors to meet the specific requirements of original 
equipment manufacturers is our business. Because we're organized 
nfer with J & H motor that way, costs are reasonable to get the submersibility, or torque or 
Metin No. 9.1 whi envelope you need. We can stretch a motor tall, 
squat it flat, customize it for ambient temperature rating. 
So, go ahead freely! Design your product to do its job. We'll fit 
a motor to it that will make your product perform the way you want 
it to... look as good as it should . . . last as long as you 
say it will. . . and sell faster because of it. 


il io Nw ETZ CUSTOMIZED ELECTRIC MOTORS 


Circle 145 on page 17 I RICAL MANUFACTURING 





TESTS ON NEW GENERAL ELECTRIC RESISTORS PROVE... 


Terminals withstand 21-lb pull 


Resistor terminals are often subjected to considerable 
stress. That’s why General Electric has built extra 
strength into the terminals of these new vitreous- 
enameled resistors . . . strength to hold up to 21 pounds 
of right-angle pull. For exceptionally heavy-duty appli- 
cations, there’s a special G-E terminal that holds up to 
34 pounds of pull. 


General Electric resistors are available in over 1400 
combinations of ratings (5 to 200 watts), types, and 
mountings. They will hold standard rated tolerance 
even under extreme temperature conditions (—70 F to 
+700 F). Their vitreous-enamel coating provides re- 
sistance to moisture, acids, solvents, and alkalies. 


Want to see for yourself? Ask your General Electric 
salesman for a free set of sample resistors and conduct 


your own tests. And mail this coupon today for the 
new 36-page catalog containing complete information 
on ratings, dimensions, and ordering directions. 


Industry Control Department, Roanoke, Virginia. 


SEND TODAY FOR FREE 
RESISTOR CATALOG 


Section F784-6 
General Electric Company, Schenectady, N. Y. 


Please send a copy of GEA-6592, G-E Resistor Catalog. 
Name 


Address 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 
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PHELPS DODGE PRODUCTS 


CORPORATION 
INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 


DECEMBER 1957 Circle 147 on page 17 








Phelps Dodge Formvar magnet 
wire has a high quality and 
balance of essential properties 
that are the result of carefully 
controlled testing throughout the 
manufacturing process. These 
balanced properties offer greater 
abrasion resistance, exceptional 
film flexibility, improved solvent 
resistance and high product 
uniformity—factors that serve to 
make Phelps Dodge Formvar the 
Standard ‘‘yardstick’’ for the 
electrical equipment industry. 
Phelps Dodge Formvar is 
available in round, square 


and rectangular shapes. 


Any time magnet wire is your 
problem, consult Phelps Dodge 


for the quickest, easiest answer! 


FIRST FOR 
LASTING QUALITY 
—FROM MINE 

TO MARKET! 












2-SPEED SERVO DRIVEN INDICATOR 






Each input of this 5-channel servo system drives a 
synchro transmitter through a gear reduction of 5 to 1. 

Indicator controlled by a size 9 motor ope rating off 
a 2-stage transistorized amplifier with a gain of 60 
£0 Zs 

Indicator synchro is geared at 1 to 1 for slow resolu- 
tion, 26 to 1 for fast re solution. Error is +5 minutes 
indicated. 























This equipment “does the job right” because it was especially 
designed for a single application ... by a company whose major 
function is solving individual servo control problems with com- 
plete, precisely engineered and manufactured servo assemblies. 

Of course, if you just want servo components, Daystrom 
Transicoil can provide them to the highest order of precision 
and accuracy. But it is in the “package” engineering of unique 
assemblies that Daystrom Transicoil’s experience and creative 
imagination offer the greatest value. And in most cases, these 
assemblies cost no more than the individual components would 
purchased separately. 


Check out your next servo problem with Daystrom Transicoil 
first. Ask for the new gear-motor availability guide if you 
haven’t yet received a copy. 


DAYSTROM TRANSICOIL CORP. 


Worcester ¢ Montgomery County ¢ Pennsylvania 





A Subsidiary of Daystrom, Inc. 
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Problem: To produce a rugged, depend- 
able motor case for Sunbeam Mixmas- 
ters—in sufficient quantity to meet 
customer’s need. Production cost must 
be low, to keep price competitive. 


Solution: Working closely with 
Sunbeam, Stewart Die Casting engineers 
developed an intricate two-cavity die, 
consisting of slide, cores, and one loose 
piece —all held to extremely close toler- 
ances. The result was a precision cast- 
ing that can be produced economically 
with a minimum of rejects . .. a motor 
case that gives dependable, long-lasting 
service under all conditions. 


found the solution 
and made delivery on time! 


This is just one of many complicated die cast- 
ings that Stewart has developed promptly... 
and has produced in quantity at low cost. 

Nearly half a century of experience, plus 
unexcelled production facilities, enables 
Stewart to bring you fast, practical solutions 
to any die casting problem. 

Whatever type of die casting you need—large 
or small, simple or intricate—you can count on 
Stewart for a quality job... completed and de- 
livered on schedule. 


ore, 


tLEML 


— ae te ase’ 


DIE CASTING cium 


Division of STEWART-WARNER CORPORATION 


Chicago, Illinois: 4535 Fullerton Avenue e 


Bridgeport, Connecticut: 275 Warren Street 
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They look like twins — 
but one is synchronous 


Louis Allis “Syncro-Spede”* offers—for the first time—a synchronous 
motor in the same frame sizes as a standard induction motor 


New from Louis Allis — the most compact and effi- 
cient synchronous induction motor on the market 
... the revolutionary “Syncro-Spede.” It’s the only 
synchronous motor built in standard NEMA frames 
for comparable ratings in any enclosure. 


The space-saving “Syncro-Spede” has no external 
excitation, wound rotating fields, collector rings or 
brushes—offers simplified control and low-cost oper- 
ation, virtually maintenance-free. 

In performance, “Syncro-Spede” delivers and main- 
tains exact synchronous speed within its rated ca- 
pacity, regardless of load variations or voltage dips. 
When powered by a single adjustable frequency 
source acceleration, running speed, and deceleration 


**'Syncro-Spede"’ is a trademark of the Louis Allis Co. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE 


DECEMBER 1957 


of several different ratings of “Syncro-Spede” motors 
can be synchronized. 


*“‘Syncro-Spede”’ is the low-cost answer to such 
demanding synchronous applications as precise ad- 
justable-frequency multi-motor systems... high-fre- 
quency generator drives and constant-speed convey- 
or drives... precision timing and metering devices 
. - - recording instrument drives ... any system 
requiring constant speeds from no-load to full-load. 
*‘Syncro-Spede” sizes range up to 100 hp. For in- 
formation and expert application engineering as- 
sistance, contact your nearby Louis Allis District 
Office or write directly to The Louis Allis Company, 
428 East Stewart Street, Milwaukee 1, Wisconsin. 


LOUIS ALLIS 


SPEED ORIVES 
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Dirt, Corrosion, 
Low Voltage Problems? 


the answer: 


Allis-Chalmers “de operated’ 
ac contactors” 


Allis-Chalmers Size 6 starter, 
NEMA 1 enclosure. 


De operators in Allis-Chalmers control as- 
sure dependable performance because they 
are not affected by dirt or corrosion on the 
armature face. Positive magnetic operation 


reduces contact pitting — eliminates hum 
and chatter—prolongs mechanical life. The 
operator picks up at 65°; of rated voltage 
— holds in with as little as 35°. 


For Any Low Voltage, High Horsepower Application... 
Allis-Chalmers Modern Control — Sizes 4, 5 and 6 


Advanced Electrical Design 
AC BO arc-centering blowout sharply cur- 
tails arcing time, greatly prolongs contact 
and chute life — without blowout coils. 


Simplified Mechanical Design 
Streamlined clapper-type construction per- 
mits natural are rise in are chute. Sensible 
to dc circuit. 


contained ac Standard 


enclosure dimensions provide ample wiring 
space. Easy accessibility simplifies main- 
tenance. 

For detailed information on this complete 
line of modern control, call your A-C Con- 
trol Distributor or A-C District Office. Or 
write Allis-Chalmers, General Products 
Division,.Milwaukee 1, Wisconsin. 

in Size 6, opt 


onal in 


es 4 and 5 


ACBO is an Allis-Chalmers trademark. 
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HOW THE SILICO SS 





WIZ] HELPED... 


CHANGE THE TUNE OF A MACH 5 WHISTLE 


Ram a wind thirty-six hundred miles an hour down 
a wind tunnel 20 inches square. Problems in testing 
models of supersonic rockets and missiles in such a 
tunnel gave new dimensions to operational tech- 
niques. 

Developed by engineers of the Jet Propulsion 
Laboratory at California Institute of Technology. 
this advanced wind tunnel presented many unique 
problems. In order to control the air going into the 
test section, movable plates were used to vary the 
area of the opening. The plates, moving against one 
another, had to be sealed. The abrasion created by 
this movement destroyed ordinary sealing materials. 
That is. until UNION CARBIDE Silicone Rubber was 
used. Fabricated by Reeves Rubber. Ine.. of San ( ‘le- 


mente, California, in solid strips ...in hollow tubing 


The term “Union Carbide” is a registered trade-mark of UCC. 


In Canada: Bakelite Company, Division of 


Union Carbide Canada Limited. Toronto 7, Ontario 


Circle 152 


that is pressurized for an extra tight fit... this sili- 
cone rubber performed exceptional service under 
almost “impossible” conditions. In fact. tests indi- 
cate that maintenance will only be required once 
every two or three years! 

This is another example of how the UNION Car- 
BIDE Silicones Man has help -d solve an “impossible” 
proble m. A booklet—“Look to UNION CARBIDE for 
Silicones” describes silicone rubber and many othe 
silicone products. Write Dept. S-12 today. Silicones 
Division, Union Carbide Corporation, 30 East 42nd 


Street. New York 17, N. Y. 


UNION 
fey Nei=jjej= SILICONES 


TRADE-MARK 
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automatic | 


Feed, perforation, and cutoff equipment 
are all completely automatic, supply- 
ing single operator with prepared sheet 
for final forming. 


FOR YOUR ALUMINUM 


What’s done automatically cuts labor 
cost! Here, a single operator easily 
completes the entire fabrication process 
required for production of auto grilles 
or similar components, from continuous 
feed to final reblank. 


Karl Gauger, MIRRO stamping spe- = =f : . f 
cialist, finds that, with more than half sf ¢ S$ We — apply automatic equipment 


his job done automatically, he turns 4 y js like this to your aluminum component 

_more work with less work, and \ requirements, to give you high-speed, 
with a reject rate that’s almost dis- Vin iS] ducti tl rest t. W 
appeared off the bottom of the graph! precision production at lowest cost. € 


ELECTRICAL MANUFACTURING 
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COMPONENTS...MEANS LOWER 


are also prepared to finish your com- (F 
ponents automatically, applying the os : 
chemical or mechanical finish best yr. 
suited to your needs, whether for i wA 


appearance or protection. 2% 


i 


« 
wet . yo 
<¥ 


For complete details on the economy 
and accuracy of automatically produced 
and finished aluminum components, 
send us your inquiries. They will re- 
ceive prompt, interested attention. 


vt THE FINEST ALUMINUM 
® 


1 
\ c ~ 
¥ anh x 


CONTRACT DIVISION 
ALUMINUM GOODS MANUFACTURING COMPANY 


MANITOWOC, WISCONSIN 


FIFTH AVENUE BLDOG., NEW YORK AERCHANDISE MART, CHICAGO 54 
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SERVING IN EVERY CORNER OF THE WORLD 
ASCO F.H.P.MOTORS 


Air conditioning in Afghanistan... Heaters 
on Hudson’s Bay! Refrigerators in Reykja- 
vik . .. Projectors in Peru! Go where you 
will; you'll find American-made products 
that depend on Fasco Fractional H.P. mo- 


Fasco makes 1.500 to 16 H.P. motors . 
2-, 4- and 6-shaded-pole types for the widest 
variety of applications. If there isn’t a 
standard Fasco motor that EXACTLY 
meets your every requirement, we will 


tors for unfailing service under every con- 
ceivable operating condition. You too can 
trust Fasco quality and dependability to 
protect your reputation . . 
any time. 


. anywhere . . 


“tailor” one to fit your specifications at no 
extra cost! 

So whenever the need arises for rugged, 
dependable, quiet-running F.H.P. motors, 
you'll find it pays to Consult Fasco First! 


REMEMBER! ... We also make many 
different Blowers rated from 15 to 320 C.F.M. 


This new catalog gives complete 
data and specifications on Fasco 
F.H.P. Motors’ ranging from 
loo to 4; H.P.... two, four and 
six shaded pole types. A copy is 
yours for the asking 


FASCO 


FRACTIONAL H.P. 


z 
-— FASCO \NDUSTRIES, INC. 
MOTORS |; 


RO CH ESTER 2, =e Ww YORK 


i 


Composite view of the three Fasco Plants 
located in Rochester, N. Y. and Fayetteville, N. C. 
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No. 5 


facts about 


verve — Designing for Product Improvement 


vor With WILCO THERMOMETAL 


Thermometai 


Because Thermometal (Thermostatic 
Metals) changes shape with change in 
temperature it is used not only for tem- 
perature indication, temperature con- 
trol and temperature compensation, but 
also in applications which require se- 
quence control. 


In these the Thermometal is heated 
by the load current (or a proportional 
part of it) or by an auxiliary heater, 
and the resultant temperature change 
of the Thermometal is transformed into 
motion in order to initiate some other 
function. Typical examples of the use 
of Thermometal for sequence control 
are found in electrical circuit breakers, 
overload relays, time delay relays, oil 
burner controls, automotive  dash- 
board instruments, thermal demand 
meters, etc. 


Thermometal is ideally suited for 
sequence control by functional 
heating because: 


1. It is supplied in a wide range of 
electrical resistivities, each having ap- 
proximately the same deflection (or 
activity) with change in temperature. 
Thus the manufacturer of a current- 
responsive device, such as a circuit 
breaker, can utilize a single design for 
a wide range of current capacities 
simply by selecting Thermometal of 
fixed dimensions but different electrical 
resistivity to obtain different current 
ratings for the breaker. 


Cantilever element in Circuit Breaker. 


THERMOMETALS 


ELECTRICAL 
CONTACTS 


COMPOSITE METALS 


ALLOYS 


in Sequence Control 


2. Thermometal produces motion shape required. This fact enables the 
proportional to actual temperature design engineer to apply it in the torm 
change without employing bearings, of a cantilever blade or a snap blade, 
moving joints, or other linkages. This a U-shape, a helix, or a coil, in almost 
makes possible the relatively simple and any mechanical size and configuration 

according to the physical needs of the 
device for sequence control. Thus, 
Thermometal is free from many of the 
limitations of other thermal elements 
used for sequence control. 


Factors Governing Selection 


U-shape element in Lamp Starter. 


economical design of many sequence- 
controlled devices such as thermal re- 
lays for timing or remote control. 


3. In small pieces of thin gauge it 
will deflect considerably with a rela- 
tively small amount of heating, return- 
Ing to starting position In response to ‘ 3 
small aameel cooling. A a ap- The H. A. Wilson Company, Amer- 
plication of this kind is illustrated by ican pioneer in the development and 
the sequence of operations of a fluores- manufacture of thermostatic metals, 
cent lamp starter. The U-shape Ther- produces over 40 varieties of Thermo- 
mometal is actually heated by the glow metal, 
between it and the free terminal until 
the bimetal touches the free terminal 


as well as a complete line of 
electrical contacts. In many tempera- 
ture control units both Thermometal 
and electrical contacts are used. We 
make a specialty of supplying complete 
sub-assemblies for these devices, includ- 
ing mounting brackets, pigtails, and 
other current-carrying members. 


Reprints of this series are available 
on request. For further information 
about our products, ask for the Wilco 
Blue Book, the most complete reference 
manual ever written on Thermometal. 


Snap-action element in Circuit Breaker. And if you have 
any immediate ap- 


which extinguishes the glow. Then, on plication proble a 
cooling, the bimetal breaks a highly for Thermometal or & 
inductive circuit, providing the voltage other Wilco prod-& 
required to start the lamp. ucts, please tell us : 

4. Thermometal is a unique thermal Our engineering 
element, in that it can be rolled into any service is at your 
thickness and formed into almost any disposal. 


THE H. A. WILSON COMPANY 
2655 U.S. Route 22, Union, N. J. 
Branch Offices: Chicago * Detroit * Los Angeles * Providence 
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SPECIAL 


nothing ean touch this winding 


Oil, acid, vapor, heat and pressure don’t affect this AC motor 
winding. It’s completely encased in a special, high-tempera- 
ture, chemical-resistant plastic. The windings are cast right 
in the plastic to make a single, solid, impervious piece. 


Of course, this winding goes into a special motor — one that’s 
designed to run in a pressurized atmosphere of inert gas, under 
constant exposure to a piping-hot oil splash and vapor at over 
200°F. Temperature-stabilized bearings, oil lubricated under pres- 
sure, and drip-proof, corrosion-resistant Construction are some 
other design necessities for this unique 115-volt, 1/3 hp AC motor. 


Here is a typical example of ESCO’s unusual ability to design 
and build rotary electrical equipment to meet special customer 
needs. Whether or not your particular motor problem is this 
special, remember that ESCO’s more than forty years of experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen to solve properly, the way you want it solved. 


Refer to Esco Catalog in section ¢; in Sweet's Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem . . . we'll be glad 
to show you how we would go about solving it for you. 


ELECTRIC SPECIALTY CO. 


171 South Street, Stamford, Conn. 
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Accurate grid alignment, Bar type screen grid gives 
stability under sustained vi- Tm ea oe 


bration assured by ceramic tance and improved thermal 
ROL CC Lee aU 
eT er Le 


Cede Me 
PE ere OR ACT ee UL 
mere 


ECE CLC Eee 
construction througr- 
a Me Le] 
SCC 
ie} e-a 0 a 

TAC 
CLO me LMT ar 
Aa Caer ee RE Tn 
Fae ae a 
ae eae 


Mechanically rugged, 
high efficiency, indi- 
rectly-heated, oxide- 
coated cathode. 


ee ae 


—— 


ree es 
eC rata mea 
ATC ame Ce MLS 
mechanical strength, 
precise element align- 
ae eh 
SEC 


Breechlock-type base 
for large contact area, 
TCC LTE 1) 01s Oia 


New 1000 watt ceramic . — 
tetrode for SSB ...the EIMAC 4CX1000A 


Eimac fills another important transmitting need with this 
air-cooled, ceramic-metal, one-kilowatt tetrode ... the 
4CXIO00A. Specifically designed for single side band 
operation the 4CXIO00A is a low-voltage, high-current 


design. Ideal for applications where space is at a 
premium, this mechanically-rugged, electrically-reliable 
thousand watt tetrode measures less than 5 inches high 
and 31 inches in diameter. High temperature process- 


Class AB, RF or AF linear amplifier tube, exhibiting high 
power gain and exceptionally low distortion character- 
istics. The 4CXIOOOA achieves its maximum rated output 
power with zero grid drive, thus minimizing driver stage 


ing, made possible by Eimac ceramic-metal design, 
produces an extremely clean tube. This ideal environ- 
ment assures long life for the efficient oxide-coated 
cathode. 


design problems and eliminating one source of distortion. Efficient, trouble-free socketing and cooling is provided 
for the 4CX1I000A by the new SK-800 Air System Socket 
and SK-806 Chimney 


Eimac stacked ceramic design gives the 4CXIOO00A 
excellent immunity to damage by mechanical and 
thermal shock. Electrical stability is assured by internal 
ceramic support of the tube elements and clean internal 


Write our Application Engineering Department for a brochure 
and data sheet describing this important new tube in detail. 


EITEL-McCULLOUGH, INC. 


SAN BRUNO CAL ItP O@wia 
Ecmac Firat for quality, dependability and performance 


MAXIMUM RATINGS (Per Tube) 
3000 Voits Max. Plate Dissipation 
350 Volts Max. Screen Dissipation . 
1.0 Amps Max. Grid Dissipation . 
TYPICAL OPERATION SINGLE-TONE SSB 
DC Plate Current 


DC Plate Voltage . 
DC Screen Voltage . 
DC Plate Current 


1000 Watts Max. 
12 Watts Max. 
0 Watts Max. 


DC Plate Voltage 2500 Voits 


Actual Power Ouput 1460 Watts 





Custom-built or Stock, 
Simpson Offers a Complete Line 


To meet your special requirements, Simpson 
can build electrical panel meters in many 
combinations of size, range, type, and style. 
For meters in small quantities, you 

can select from 60,000 stock units (over 900 
sizes and types) available for immediate 
delivery through your Electronic Distributor. 
Many stock models now have the self shielded 
Core Magnet Meter Movement. 


These fine panel instruments are known 
throughout industry for their ruggedness and 


long-lived accuracy. Write today for 
Technical Manual No. 17, 


SIMPSON ELECTRIC COMPANY 


5200 W. Kinzie St., Chicago 44, Ill. 
ee eee 9-1121 


LU ec re Bach-Simpson Ltd., London, Ontario 


over 5( vears 
Ce ee ed 


ag 


instruments that stay accurate 
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A Transformer becomes a precision device 


with Allegheny 


Unite for your Copy 
“TRANSFORMER LAMINATIONS” 


; of valuable technical data 


Jard 
1Gara 


ind custom-made lam- 


1d 
ons from all grades of Allegheny 
magnetic core materials 

1 from carefully checked and 
certified laboratory and 


includes standard dimensions, 


service tests 


specifications, weights, etc. Sent free 


request ask for your copy 


Magnetic Materials in the core 


% ALLEGHENY SILICON STEEL 
* ALLEGHENY 4750 
* ALLEGHENY MUMETAL 


The operation of a transformer is no 
better than the magnetic core around 
which it is built. With Allegheny mag- 
netic materials in the core, you get the 
hest—uniformly and consistently. 
Sure there are reasons why! For 
one thing, there’s the long experience 
of a pioneer in development and 
quality control of electrical alloys. 
But most important, the A-L line 
otters complete coverage of any re- 
quirement you may have, any Service 
specification. It includes all grades of 
silicon steel sheets or coil strip, as 
well as Allegheny Silectron (grain- 


oriented silicon steel), and a wide 
selection of special high-permeability 
alloys such as Allegheny 4750, 
Mumeral, etc. 

In addition, our service on mag- 
netic materials includes complete 
lamination fabrication and heat treat- 
ment facilities. What's more, this 
extensive experience in our own lam- 
ination stamping department is a 
bonus value for all users of A-L 
electrical sheets or strip. @ Let us sup- 
ply your needs. Allegheny Ludlum 
Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pa. 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 
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more motor 


than ever »efore 


more .i-- 


Lubriflush replac- 
es old grease with 
new, for longer 
bearing life. Other 
life - lengthening 
features of Uni- 
closed are ex- 
plained below. 


more RUGGED 


Cast-iron frame 
defies distortion. 
The smooth cast- 
iron surface is 
highly corrosion- 
resistant. Heavy 
solid feet are a 
substantial part of 
the frame. 


more PROTECTION 


Ventrifoil directs 
air, deflects water. 
Each end of motor 
has specially 
formed deflector 
that directs air 
around bearing 
housings, into 
fans on rotor. 


ren MOPre wsucation 


U. S. multiple pro- 


SF .. 
tection increases ‘ 
insulation life. 

| ASBESTOS — for 
protection against ; 
heat. POLYESTER 
THE REVOLUTIONARY TYPE H FILM—for greater 
physical strength. 
U.S. UNICLOSED 


more motor dependability is the result 


The spacious con- 
: ; : : : duit box on Uni- 
of more and more exclusive features: Asbestos insulation against closed Type H is 
heat and moisture; Lubriflush bearing construction for longer heavy-duty cast- 


more CONVENIENT 
ten 


at ; : : iron, diagonally 
life; Ventrifoil baffles to direct air, deflect moisture; rugged, nor- split type, attrac- 


; . tively contoured 
malized cast iron frame... all Uniclosed Type H features for iain i aaaade 
longer motor life, more efficient power. Write for profusely illus- 

trated multicolor bulletin today. 


! U.S. ELECTRICAL MOTORS INC 
| P. O. Box 2058, Los Angeles 54 or Milford, Conn EM-I2 


MAIL COUPON NOW @ 


NAME 


MOTORS ~~ 
* ® 


ADDRESS 
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.e highly corrosive atmosphere 
found in this plating room of the 
Crescent Insulated Wire Company, 
lrenton, N. J has had no adverse 
effect on the performance of the 

minum bus conductor, which has 


n operation since 1930. 


THESE APPLICATIONS 
TAKE ADVANTAGE 

OF ALUMINUM’S 
CORROSION RESISTANCE 


Outdoor service is a natural for alu 
No painting or other main 
after these ca- 


pacitor cans are installed. 








MAKE IT OF ALCOA ALUMINUM BECAUSE... +f 


aluminum 
CON Ke) 





iP 





Low-cost, corrosion-resistant, Un- 
derwriters’ Laboratories approved, 
Alcoa Rigid Conduit has given ex 


cellent service for over 30 years. 
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mee Si \ Se 


resist 


Aluminum sheathing offers an added 
bonus of economy and light weight. 
Aluminum is an efficient conductor 
in this armored cable. 


Alcoa® Aluminum, whether used as a conductor in 
an electrical assembly, or as a housing or structural] 
material, offers you lifetime service because of its 
ability to fight corrosion to a standstill. When ex- 
posed to the atmosphere, aluminum acquires a nat- 
ural oxide coating that effectively seals out corrosion. 
If that coating is damaged, it instantaneously reforms 
and continues its effective protection. For really 
tough applications, special alloys have been devel- 
oped that are highly resistant to many forms of 
chemical attack. When you design and build in alu- 
minum, there are numerous advantages: 

Economy — From initial cost and ease of forming to 
long carefree service, aluminum is the most economi- 
cal material that you can choose. : 
Minimum maintenance— Aluminum parts and in- 
stallations need no protective coatings. Over the 
years of service that can be expected, this saving 
alone is considerable. 

Safety — You are protected from sudden, unexpected 
failure with corrosion-resistant aluminum. Once in- 
stalled and on the job, it offers a lifetime of mainte- 
nance-free service. 

Appearance— Aluminum has a clean, efficient look 
—and retains that good appearance long after other 
materials have become pitted or disfigured by rust. 
Alcoa wants to help you take advantage of alumi- 
num’s corrosion resistance in the products yeu design 
and build. There’s a sales engineer near you who can 
offer competent advice. Look in the Yellow Pages 
of your telephone book under “‘Aluminum,”’ or write 
to Aluminum Company of America, 2315-M Alcoa 
Building, Pittsburgh 19, Pa. 


Your Guide to the Best 


in Aluminum Value 
ALCOA O , = 
SEs 
a 
NEW! “ALCOA THEATRE” 
Exciting Adventure 


This isolated phase bus system Switchgear enclosures are often 


employs aluminum for both conduc- located 
tor and protective enclosure. Alu- pheres. Alcoa 


in or near corrosive atmos 
Aluminum assures 


minum is nonmagnetic, noncorrosive. long life and good appearance. 
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New from Clevite! 


DLIG 0 
JUNG TION DIVES 


These latest additions to Clevite’s complete line 
of computer and general-purpose diodes offer 


you the advantages of: 


ULTRA FAST RECOVERY TIME... (JAN-256) 
(Typical: from +5.0 ma to —40v 
. 400K in 0.3us) 


HIGH FORWARD CONDUCTANCE 


(Typical: 50 ma at 1.5v) 
EXTREMELY LOW REVERSE CURRENT 
FREEDOM FROM THERMAL RUNAWAY 


at high voltage and up to 150°C 


RUGGED, HERMETICALLY SEALED GLASS PACKAGE 


For complete information, 


OTHER CLEVITE DIVISIONS write or phone: 


Brush Instrumer 
Clevite Ltd 
Clevite Ordnance . 7 
Te s Divisio . 
an aeenres . 7 TRANSISTOR PRODUCTS 


Cleveland Graphite Bronze Co . 4 241 Crescent St., Waltham 54, Mass 
Clevite Harris Products, In . 7 TWinbrook 4-9330 


Clevite Electronic Components ' 4 A Division of 
Clevite Research Center 4 
Intermetall G.m.b.H. ‘ CLEVITE 
& RPORA 
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If one of many requirements is 


IMPACT STRENGTH 


...get the others too with DUREZ PHENOLICS 


Here is another example of how engineering 


with Durez phenolic plastics created a prod- 


t serves better...sells better...costs no 


and often less than the one it replaces. 
pact resistance was high on 
properties required by Union Insul 


in designing a 


box 


non-corrosive condul 


tion for hospitals, chemical 

The material tO 
be used also had to be tough, free from warp, 
dimensionally stable, 


and other industrial services 
and light in weight 


It had to resist heat, oil, grease, moisture 
and corrosion-laden atmospheres. Electrical 


Plastics that Fit the Job 


DUREZ PLASTICS DIVISION 


HOOKER ELECTROCHEMICAL COMPANY 


1312 YALCK ROAD, 
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| pert 
properties 


requirements 
i 


modern industrial 


LD cr } 1 ¢ »1] 
WJurez checked OKay On ali Counts, 


desigi iwineers found. Specified ror its 
AO-4 


superior product at no greater production Cost 
I 


molded boxes, Durez results in 


its longer service and re 


ages your products could gain 

nost widely used phenolics merit 
investigation. Talk your needs over with your 
molder...or let us send 


data on Durez. 


you engineering 


eda 


CHEMICALS 
PLASTICS 


NORTH TONAWANDA, N. Y. 





lea} 


The new concept in 





multiple 


DECEMBER 1957 


AMP-lok eliminates the necessity for supplemen- 
tary mounting devices in through panel multiple 
connector applications. 


connector design 


.» » IT’S SELF-ANCHORING 


AMP-lok obsoletes all it replaces because of the 
following design features: 


e contacts are identical .. . self-cleaning . . . recessed for 
safety 


@ finger grip engagement and disengagement 
e polarized to eliminate circuit error 


@ wide panel thickness accommodation — one simple mount- 
ing hole required 


e color-coding available 


AIMP-lok can be used as a Safe, free-hanging multiple con- 
nector, also. 


Additional literature and samples available on request. 


AMP INCORPORATED 


GENERAL OFFICES: 
5239 Eisenhower Bivd., Harrisburg, Pa. 


Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada, Ltd., Toronto, 
Canada e Aircraft-Marine Products (Great Britain) Ltd., London, England e 
Societe AMP de France, Le Pre St. Gervais, Seine, France « AMP — Holland 
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Two metals are often better than one 
and General Plate Clad Platinum Group Metals” 
are a case In point... 


By using General Plate’s clad platinum group metals you 
can greatly cut costs without reducing the efficiency 

of your pure platinum group parts. 

With platinum clad metals you reduce material costs but 
retain pure platinum’s high corrosion resistance. And there’s 
an additional plus — by cladding platinum to specific metals 
you can enjoy extra advantages such as greater strength, 
reduced weight, or high electrical and thermal conductivity. 
There are numerous uses for General Plate’s clad platinum 
group metals among them are vessels, slip rings, 
electrodes, anodes and cathodes, electrical contacts, jewelry, 
rupture discs and many other products . . . possibly yours. 
Whatever your platinum needs, it will pay you to 
investigate General Plate’s platinum clad metals first — 
they’re available in sheet, wire, tubing, foil and gauze. 
Write today for information on General Plate platinum 
clad metals — ask for catalog sheet PLA-5. 


/ 


PLAT UNI cee 
} 


BASE METAL 


PLATINUM 


PLATINUM 


BASE METAL 


Platinum group metals include platinum, iridium, osmium, palladium, 
rhodium, and ruthenium. 


You can profit 
by using 


METALS & CONTROLS i CORPORATION cere Pst 


ite Clad Metals. 
General Plate Division 1912 Forest Street, Attleboro, Mass. 


FIELD OFFICES: NEW YORK. CHICAGO, DETROIT. MILWAUKEE. LOS ANGELES 
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9 A \Is 
offers the 
complete line of 


Over-all 
Length Diameter *Watts tfWatts 
- 1%" Y2” 8 
TAB- . 1” vafae 8 
- 1”% 19/32” 10 
TERMINAL is 19/32” 12 
TYPE - "19/32" 18 
29/32” 38 
Otel gelat aria B 1-5/16” 54 
WAL - "  1-5/16" 78 
"  1-5/16" 110 
1-5/16” 145 


ne Over-all 


Length Diameter 


TERMINAL marae 


TYPE - 19/32” 
1-5/16” 


- 6 
RESISTORS meg OR ene 
bf 


Width and 
{ - ~ ae Over-all Thickness 
ma Ls Length of Core *Watts TfWatts 


characteristics 


HIGH TEMPERATURE 
350C CHARACTERISTIC 


HIGH INSULATION RESISTANCE TERMINAL 
\ 7 dich Temperature 
350C CHARACTERISTIC 


AND Cy 


Even including resistors 
wound with the finest 
wire size (.00175) 


The Ohmite resistor types shown in the 
table above can withstand a continuous 
operating temperature of 350C—the high 
temperature requirement of MIL-R-26C, 
Char. “V.” These resistors also meet Charac- 
teristic “G.” The new Char. “Y” combines 
all requirements of Char. “V” and “G” plus 
extremely high insulation resistance at the 
end of the moisture-resistance test. Under 
all three Char., “V,” “Y,” and “G,” Ohmite 
resistors have to satisfy severe moisture-re- 
sistance tests, thermal shock tests, vibration 
tests, and many others. The Ohmite line of 
wire -wound resistors is the most extensive 
available in the industry. 


WRITE FOR BULLETIN 139 


Z 2'A 15 21 
ha - 3%" 1-3/16" 22 31 
(Stack Mounting) - 4%" x, 37 53 
Characteristics . 6 Va 47 68 
° 7 63 91 

Aue) 


Length of 
AXIAL- Style Core** Diameter *Watts TTWatts 


RW-55 1%” 15/32” 5 7 

RW-56 2 15/32” 10 14 
TYPE RW-57 1” 5/16" 5 6.5 

ee RW-58 1%" 11/32" 8 11 

Characteristics RW-59 Yo" 3/16" 2.5 3 
Vand G 


*W atts free air MIL Characteristic 'G.” **1-14" wire leads. 
TWeatts free air MIL Characteristic “Y.” 
ttWotts free cir MIL Choracteristic “V.” 


ALL 
CHARACTERISTICS 


ALL SIZES 


UMTS Cad 
TNs 


PATENTED, ALL-WELDED 
CONSTRUCTION 


RHEOSTATS 
RESISTORS 


Be Right wth C) cl \ If so Bow. 


VARIABLE TRANSFORMERS 
OHMITE MANUFACTURING COMPANY, 3613 Howard Street, Skokie, Illinois 
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Now! A Low-Priced Completely Static 
Voltage Regulator 


by 


ICKERS. 


For Fast, Accurate 
Voltage Regulation of 
60-Cycle Alternators 


This new unit is ideal for applications where 

How the Vickers Static a simple and inexpensive but rugged voltage 

regulator is desired. The Vickers regulator is 

MCT T5 Regulator Mh ss a single-stage magnetic amplifier a utiliz- 

Fatale tatetetetatae 7 ing selenium rectifiers and wire wound re- 

Ul exciren f ee sistors. It is completely static, with no moving 

ave ne parts, and is thus not affected by vibration. 
rie erat) Other features: 


a oe spaoumaeasrs @ Works into 20 to 100 ohm exciter field 


resistance without adjustment. 


heehee @ Supplies exciter field current within a 


range of 0.15 to 1.35 amperes. 


A detector Connects directly to 208 to 240 alter- 
reactor senses nator without need of a potential trans- 
level of former. Operates with alternators having 
alternator output any output voltage when used with a 500 
voltage and supplies a control signal to the VA potential transformer. 

ETc biome cy om MIME) ea 
turn maintains alternator poll eet voltage ree) ete 
stant by supplying controlled excitation to 
the exciter. A regulator control knob permits 
adjustment of alternator voltage. 


Adjustable line drop or reactive current 
compensation provides zero droop at a 
given load when a Vickers accessory cur- 
rent transformer is used. 

Extremely simple to install, with only 6 


terminal connections. 


Write Today for Complete information, Including New 
Brochure, on the Vickers Static Voltage Regulator. 


* Trade Mark 


VICKERS ELECTRIC DIVISION 
VICKERS INCORPORATED aa unit of Sperry Rand Corporation 


1803 Locust St. Saint Louis 3. M's 


LEADERS IN ELECTRICAL CONTROL EQUIPMENT 
Magnetic Amplifier Components and Contro! Systems 
Selenium Rectifiers « Magnetic Particie Brakes and Clutches 

Photoeiectric Celis 
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Engine Heaters 
Get “Dependable Double Protection” 


with 


Snap-Acting 
Temperature Controls 


Perfection Industries, Division of Hupp Corporation, 
Cleveland, Ohio, has long been known for the qual- 
ity of its products, and for the past 14 years has co- 
operated with Uncle Sam in winterization. 

Among its products is the engine heater illustrated. 
To assure the best protection in these heaters, Per- 
fection uses KLIXON Controls. Here’s what they say 
about these controls. 


“The KLIXON Temperature Control is used on 
the E-500, E-510 and E-511 Perfection Engine 
and Personnel Heaters. The KLIXON Type 
C4370-20 temperature control meets our re- 
quirements for a small, light and reliable 
thermal switch that can be used at ambient tem- 
peraturcs as low as — 65°F. This thermostat is 
used to shut down our fresh air and coolant 
engine heaters should they overheat due to ex- 
cessive back pressure or any other cause. De- 
pendable, double protection for the system as 
well as the heater, is afforded on thousands of 
installations by a single KLIXON Control.’’ 
A wide variety of KLIXON Controls, available in 
hermetically sealed and open types with heavy duty 
ratings and fixed temperature settings, are success- 
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fully meeting difficult requirements in thousands of 
military and civilian applications. Why not investigate 
and see what these simple, inexpensive controls have 
to offer you in the way of dependable long-life per- 
formance? Our Field Engineers will gladly drop in 
and help you work out application details if you wish 

or write us here at the factory if we can assist you in 
any way. No obligation, of course. 


Typical KLIXON Snap-Acting Thermostats used in many applications, 
including examples of the new 202 Series for home appliances. 


p 
oe B 
th 


METALS & CO nerais contro. CORPORATION 


Spencer Thermo 


tat Division 3612 Forest Street, Attleboro, Mass. 


KLixoN 


R) 
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Basic Research—Design in Depth 


Basic RESEARCH has been currently and aptly 
defined as “the defense in depth for our whole 
technology.” This is an admirable and succinct 
statement. But laymen will tend to simplify its 
meaning, to apply it primarily to our military 
resources and to the technology that builds 
tanks, planes, submarines, missiles and rock- 
ets. Yet the word “defense” has a far more 
subtle, though perhaps less urgent, meaning. 
For basic research stands as the defender of 
our whole way of life. Military might without 
this way of life is meaningless. Scientific and 
technological accomplishments without social 
and moral values are sterile, no matter how 
dramatic: no matter, in fact, how threatening. 

It has been historically in the American 
genius to invent, to build. We have accepted 
as part of our folklore the homespun inventor, 
the original, if you please, “do-it-yourself” 
man. We have, in the main, equated techno- 
logical progress with the Eli Whitneys, the 
Henry Fords, the Thomas Edisons, the George 
Westinghouses. But the Teslas. the Stein- 
metzes, the Flemings, the Fermis and the other 
men of science have been but dimly. if at 
all, in our popular consciousness. We may 
even have tended to dismiss them as the im- 
practical and the visionary. Yet they have 
laid the groundwork on which the practical 
men have built. 

In today’s climate of international conflict. 
the role and function of basic research comes 
to us with greater impact and in sharper focus. 


We must realize. not only on the layman’s 
level. but also on the levels of industry man- 
agement and the engineering professions, that 
the fostering and practice of basic research 
goes deep to the roots of our entire economy 
and our social structure. Basic research will 
produce not only materials for supersonic 
missiles but for better, safer and cheaper 
domestic appliances, business machines, and 
industrial machinery. 

We must broaden the educational oppor- 
tunities in the basic sciences; we must give 
the basic scientist the standing and recogni- 
tion he deserves. We must realize that the 
men—and women—who are devoted to the 
pursuit of basic research, together with their 
co-workers in the applied engineering dis- 
ciplines, are helping through their daily work 
to maintain and defend our freedoms, whether 
they are working on the military front or to- 
ward the creation of the products of our daily 
lives in home, shop, office, or factory. 

In fact, basic research has a straightfor- 
ward practical endpoint. It becomes a function 
of “design in depth.” By extending the boun- 
daries of knowledge it moves to solve prob- 
lems; it creates new materials and new forms. 
Basic research is applicable to every phase 
of design engineering. It can begin with the 
synthesis or “molecular engineering” of ma- 
terials, extend to complex control theory, and 
encompass research in fabrication techniques. 


CAG. &, " 
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Research Progress 
in Dielectrics—1957 


Program of this years Conference on 


Electrical Insulation reflects two major 


streams in current dielectrics research: 


Urgent need for new materials to 
withstand extreme temperatures 
and other environmental conditions 
in supersonic missiles and aircraft: 
also for materials to withstand nu- 


clear radiation effects. 


Intense probing into the fundamen- 
tal mechanism of electrical break- 
down and physical and chemical de- 
gradation of materials; their direct 
effect on the practical ability of 
equipment and systems engineers 
to obtain maximum performance 


values in design applications. 


ALEX. E. JAVITZ 


Special Features Editor 


Eleventh Consecutive Annual 
On-the-Spot Review of the 
Conference on Electrical Insu- 
lation, Division of Engineering 
and Industrial Research, Na- 
tional Academy of Sciences- 
National Research Council. 


Basic RESEARCH DOMINATED THE 26th Annual Meeting ol 
the Conference on Electrical Insulation of the National 
\cademy of Sciences—National Research Council, held 
this year October 21, 22 and 23 at Pocono Manor, Penna. 
Formal papers dealt with studies in electrical breakdown 
mechanisms of degradation, fundamental properties, rad- 
iation effects, and synthesis of materials to cope with the 
increasingly severe requirements of electrical and electron- 
ic systems in supersonic aircraft and missiles. Despite the 
emphasis of the meeting on basic research, this was fat 
from an ivory tower session—it was obvious both from 
floor discussion and round-table give-and-take that the ap- 
plication of research results to practical design engineer- 
ing was a continuing paramount consideration. 

The increasing use of Mylar film insulation drew much 
attention to a Bell Telephone Laboratories study intended 
to provide estimates of the useful life of this material bas- 
ed on physical durability, which is in turn derived from 
chemical durability. As reported by W. McMahon, H. A. 
Birdsall. G. R. Johnson and C. T. Camilli,* this study 
dealt with the rates of hydrolysis, oxidation and thermal 
degradation as functions of temperature, relative humid- 
ity and film thickness. The rates of hydrolysis was found to 
he considerably faster than the rates of the other reactions. 

Through the use of chemical degradation rate equations 
as shown in Fig. 1, a relation was established between the 
extent of chemical degradation and time. With the aid of 
the Arrhenius equation? this information was then used to 
relate the extent of degradation to both time and tempera- 
ture. Relation between chemical degradation and physical 
properties (such as tensile strength) is shown in Fig. 2. 
Elongation and fold endurance of film were also determin- 
ed. The effect on electrical properties was investigated. 

Hydrolytic degradation does not appear to seriously af- 
fect electrical properties until changes in the physical char- 
acteristics cause the film to become weak and brittle. Spec- 
imens exposed to humid atmosphere alone had undergone 
significant chemical degradation but were otherwise still 
intact and flexible. 

It is possible to estimate from these data the time requir- 
ed for Mylar to reach a given degree of degradation at any 


Laboratory, Linder New Jerse 
been adapted to show that the 

e reciprocal of absolute temperature 
energies for each material. This theor 
el life to failure in hours; 7 


stants associated with the hemical 
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selected temperature and relative humidity. Such estimates 
(for 0.5 mil film) are given in Fig. 3. 

The relative deterioration effects of oxidation and evap- 
oration on such flexible insulation materials as black var- 
nished cloth, phenolic-impregnated kraft paper, and sili- 
cone rubber-coated glass cloth were treated by L. C. Whit- 
man, General Electric Company, Pittsfield, Mass. Figure 4 
provides a summary of results of tests on these materials 
aged in oxygen, nitrogen, air and a vacuum (approximate- 
ly 29 in. Hg). Also given here is a comparison with data 
derived from previous tests on other and similar materials 
aged in air and nitrogen. 

Aging criterion was a 60-cycle voltage application at 
390 per cent of the initial hot dielectric strength of the 
insulation at the aging temperature. Breakdown was ap- 
parently reached at approximately 1000 hr, but further 
data may change the slope of some of the curves shown. 

In Fig. 5. the effect of insulation thickness on break- 
down is shown for phenolic-impregnated kraft paper aged 
in air, nitrogen and a vacuum. 

From the test values obtained, it was observed that life 
of insulation in a vacuum is about one-half of its life in 
nitrogen and several times its life in air. 

There was particular urgency in the paper by R. N. 
Evans. Wright Air Development Center. dealing with the 
need for special-purpose materials for supersonic mis- 
siles and aircraft. Particularly critical is the shortage of 
electrical and electronic materials able to withstand the 
extremely severe environmental conditions. Two alterna- 
(1) Design 
around the limitations of existing materials, with calcu- 
lated sacrifice to system effectiveness; 
solution of the problem by the “ 


tives are offered to weapon system designers: 


(2) depend on the 
molecular engineering” 
of materials of required properties. To follow the latter 
plan, research thinking should be divorced from considera- 
tion of the gross physical properties of materials but 
should be concentrated on the 
phenomena at 500 C and above. 


molecular and atomic 


In examining the problem, a division between “elec- 
trical” and “electronic” materials was made as shown in 
Table I. It will be noted that the electrical group reflects 
applications for which the “technological patterns” have 
already been well established. The electronic 


group re- 
flects the more contemporary application, 


for example 
materials in the solid state area. In planning the develop- 
ment of materials for the new 
classification was proposed. 


requirements a further 


1. Organic (carbon-atom polymers: heteroatom poly- 
mers). to meet requirements in the thermal range 
iSO & to 325: ©. 

2. Inorganic (metal elements: 


325 C-500 C range. 


oxides: salts). for the 


The most important environmental factors that affect 
the performance of these materials are listed in Table II. 
\ consideration of the total heat load encountered in 
supersonic air weapons will show why thermal require- 
ments are given a top rating. The total heat load is 
summation of effects primarily associated with aero- 
dynamic heating. absorption and emission of radiations. 
chemical fuel combustion, electrical and magnetic energy 
dissipation. An aircraft traveling at Mach 3 at 60.000 ft 
altitude. for example. would have a skin temperature of 
540 F. Table II also cites other factors that are important. 
The potential of materials under development must be 
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|, O5-MIL MYLAR FILM | 
95 PER CENT RH 


40 60 00 '!20 40 60 
Time, days 


ig80 200 


Fig. 1—Relation between chemical degradation and time for 
0.5-mil Mylar film at indicated temperature and at 95 per cent 


A 
RH. The exent of degradation is expressed by Log X 
{ is the original concentration of the ester groups in the chain 
or mass of the polymer and X is the number of ester groups 
that have reacted in the time T. 


- where 
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Fig. 2—Relation between tensile strength and the extent of de- 
gradation for 0.5-mil Mylar film at indicated relative humidities 
and temperatures. 
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Fig. 3—Estimates of 0.5-mil Mylar life at various temperatures 


pee ‘ { 
and humidities. Degradation calculated to Log . 0.003 


(confidence limit — 0.95). Source: Bell Telephone Laboratories. 


Table I—Electrical and Electronic Materials 


Electrical Electronic 
Wire and cable insulation 
Capacitor dielectric 
Encapsulation 
Radome-Irdome 

Printed circuitry 
Transformer 


Ferromagnetic 
Ferroelectric 
Semiconductor 
Phosphors 
Piezoelectric 
Thermionic 








200 180 160 140 120 
Average insulation temperature,deg C 
(reciprocal absolute-temperature scale) 


Fig. 4—Hours to breakdown against average insulation tempera- 
ture (reciprocal absolute-temperature scale) for several flexible 
insulating materials aged in various media as indicated. 


evaluated and established. Screening procedures for such 
“candidate” materials are described in a Polymer Evalu- 
ation Handbook (WADC TR 56-399) that has for its 
purpose the realistic standardization of evaluation work 
carried on at various laboratories. Table HI lists some 
of these screening tests. Essentially, such evaluation 
would place a candidate material in its proper end-func- 
tion perspective as an elastomer, adhesive, laminating 
resin, encapsulating compound, etc. A promising candi- 
date material would be subjected to more comprehensive 
tests. 

\ major portion of the WADC program in the devel- 
opment of materials to serve in the higher thermal ranges 
is devoted to a search for the so-called “heteroatom” 
polymers. In general, these polymers would provide 
higher bond energies than those that characterize the 
polymers now most widely used for insulating and di- 
electric purposes. The heteroatom polymers under active 
silicon-carbon. boron-nitrogen, 


investigation include 


boron-phosphorous. fluoromethazine. and metallocene. 


lypical compounds are silicon carbide, boron nitride and 
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Fig. 5—The effect of insulation thickness on breakdown for 
phenolic-impregnated kraft paper aged in air, nitrogen, and a 
vacuum at 200 C. Source: General Electric Company, Pittsfield, 


Mass. 


boron phosphate. The latter is a polymeric refractory solid 
melting at 1250 C. 

In the inorganic classification, certain metals, oxides, 
and silicates may provide the answers to the high tem- 
perature problems in applications such as wire and cable 
insulation, conductors, printed circuitry, capacitors, ra- 
domes and antenna housings, resistors, and encapsulating 
materials. 

Synthesis of new compositions offers a research route 
to the creation of materials of desired properties. Inor- 
ganic oxides may be synthesized for means of several 
research techniques, including ionic polymerization, alloy- 
ing AL»O, with rare-earth oxides, and non-aqueous media 
synthesis for oxide films. Complex silicates may be modi- 
fied both chemically and physically. Inorganic binders for 
elass-fiber laminates are desirable for the production of 
higher-strength laminates than are obtainable with the use 
of organic laminating resins. 

In the general area of “electronic” materials, we would 
include those listed in Table IV by their chemical com- 
position and related application. The major area of de- 


Highlights—Round-Table Discussion on Electrical Breakdown in Dielectrics* 


1. Fundamental ways in 


& 


breakdown occurs are: h. Radiation effects 


History 
Electronic j. Polarity 


a. Thermal i. 
b. Tonic 


c. Chemical k. Operator and equipment. 


d. Ionic bombardment. 
Factors in breakdown include: tion. 
a. Humidity 

b. Thickness of material 

c. Electrode and material geom- 


d. Time 
spaced ASTM 


e. Frequency of voltage 
f. Ambient conditions 


which g. Impurities 


3. Discussion centered on oil insula- 
. . The Rogowski gap was ap- 
praised in comparison to the ]-in. diam, 5. Subject of electrical breakdown 
0.l-in. spaced electrodes. . . . Con- 
tamination might gradually affect the 
etry high-voltage strength values sometimes 
l-in. diam, 0.1-in. 
method; it was indi- *These notes are based on a contribution by M. I 


observed for the 


cated that a modified Rogowski gap 
method eliminates this effect. 

1. Objection was raised to the use 
of the term “intrinsic breakdown” for 
non-uniform fields. .. . But for uniform 
fields that use impulse voltages the 
term is less objectionable. 


needs pinpointing to specific factors to 
produce conclusive discussion at a 


round-table meeting. 


Manning, Pennsylvania Transformer Division, McGraw 
Edison Company, Canonsburg, Penna 
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Table Il—Environmental Factors Affecting Per- 
formance of Electrical and Electronic Materials 


65 C to 500 C 
Neutrons and photons 


. Thermal range 

. Nuclear radiation 
. Sonic resonance vibration... Up to 180 decibels 

. Ozone Conc. 8 ppm at 15 miles altitude 
. lons and atoms O!} = {O.| at 60 miles altitude 

. Rain erosion, meteoritic dust, cosmic radiation 


velopment in these materials would involve improved 
laboratory techniques leading to higher purities and to 
refinements in techniques for growing crystals, methods 
for controlled introduction of trace impurities, and prepa- 
ration of surfaces and interfaces. 

Floor discussion revealed that under sponsorship of 
the Air Force, research and development contracts are 
under way at present for ductile ceramics for wire and 
cable insulation. 

Silicone insulation systems for electrical and electroni: 
equipment operating in nuclear radiation environments 
were proposed by C. G. Currin and J. F. Dexter, Dow 
Corning Corporation. Supporting this viewpoint were data 
derived from a study of dielectric properties of silicones 
during and after irradiation. Samples were exposed in air 
at 25 €C to a multikilocurie cobalt 60 source, emitting 
gamma rays of approximately 1.25 mev energy. Duty 
cycle was about 20 hr “on” and 4 hr “off” per day. 

Dielectric properties of silicone fluids, elastomers, and 
resins measured after 100 megarads and 500 megarads 
irradiation are shown in Table V, compared to properties 
prior to irradiation. It will be noted that irradiation 
apparently has little permanent effect on the properties 
of most of the silicones. The resins, in fact, show greate1 
resistance to radiation effects than any other types of 
silicone. Dielectric properties of the filled solventless 
silicone resin and a modified silicone wire enamel were 
essentially unimpaired by 1000 megarads irradiation. 

Although the dielectric properties of the silicone elas- 
tomers were essentially unaffected. a small linear decrease 


in dielectric constant and dissipation factor was observed. 


Table Ill—Screening Tests for ‘’Candidate”’ 
Materials* 


Thermal Stability Range 
Loss Tangent -60 cycles 
Dielectric Constant— 60 cycles 
Electric Strength 
Hydrolytic Stability 

*Tests ar 

WADC Tk 


Table IV—New Electronic Materials 


Ferroelectric (1) Potassium dihydrogen phosphate 
(2) Barium titanate 
(3) Sodium potassium tartrate 
(4) Guanidine aluminum sulfate hexahy- 
drate (GASH 
(5) Triglycine sulfate 


Ferromagnetic X Fe.O 


where X Mn, Ni, Co, Ba, Bi 


Semiconductor Elements: Si, Ge 


Intermetallics: In-Sb; Ga-As; AlSb; SiC 


Piezoelectric SiO 
Aluminum borosilicate 
Sodium potassium tartrate 


Thermionic BaO, SrO 


Phosphors Metallic sulfides CdS, ZnS, etc. 


Metallic selenides 





Fig. 6—The relative nuclear radiation resistance of various sili- 
cone materials. 


Table V—Dielectric Properties of Silicones Measured After Irradiation 


0.0 megarads irradiation 


Resistivity, 


Silicone tané ohm-cm 


Fluids: 

Dimethylpolysiloxane, 100 cs ; .0001 10 
Phenyl methylpolysiloxane .0002 2x10 
Elastomers: 


Silastic 80 : .001 10! 
Silastic 675 ; .002 

$-2048 Silastic i .008 4x10 
$-2007 Silastic ; .004 104 
RTV Silastic 01 10 


Resins: 


Filled solventless resins 
Molding compound 
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100 megarads irradiation 500 megarads irradiation 
Resistivity, 


Resistivity, 
tané ohm-cm tané 


ohm-cm 


.0001 x 10 


gelled gelled 
01 x 10 


2.86 0.05 


gelled 
5x10 


.001 x 10 0.005 
.003 0.006 
.008 4x10 0.008 
.007 x 10 ; 0.07 
01 3 x 10 





Table Vi—Dielectric Properties of Silicones During Irradiation’ 


No previous irradiation 


Silicone tané 


Fluids: 

Dimethylpolysiloxane, 100 cs ‘ .0015 
Phenyl methylpolysiloxane ; 0.0015 
Elastomers: 


Silastic 80 : .020 
Silastic 675 ; .025 
S$-2048 Silastic : .020 
RTV 5313-14 .035 


Resin-Glass Systems: 


Electrical grade laminate 0.015 
Low-pressure laminate ; 030 


particularly at frequencies under 1000 cps. Major effects 


of irradiation on the elastomers were physical—an in- 
crease in hardness and loss of flexibility. For many elec- 
trical applications where a high degree of flexibility is 
not required, the silicone elastomer may be suitable for 
doses up to 500 megarads. Reinforcement with glass cloth 
mav extend life. 

The dielectric constants of silicone materials during 
radiation decreased slightly in a field equivalent to dose 
rates greater than 0.02 megarads per hr. The dissipation 
factor increased considerably when in a strong radiation 
field. Resistivities also decreased. Data in Table VI. how- 
ever. would indicate that the silicones are suitable as 
dielectrics when the radiation dose rate is kept at a 0.1 
megarads per hr. 

Although irradiation has the least effect on the dielec- 
tric properties of silicone resins. among all the types of 
silicones, there is a sharp effect on the thermal stability 
of these resins. Irradiation affects the flexibility of these 
resins in much the same manner as heat aging. The de- 
crease in the 275-C life of silicone coating resins for 
laminates is shown in Table VII. 

The relative radiation resistance of silicone materials 
is charted in Fig. 6. A silicone-insulated standard 1-hp 
motor under radiation test is illustrated in Fig. 7. 

The deterioration of Mylar and polyethylene in voids 
of known dimensions (artificial voids) and in natural 


Table Vil—Effect of Irradiation on Thermal 
Stability of Silicone Flexible Sheet Insulation’ 


275 C life, hr 


Resin 0 megarads 100 megarads | 200 megarads 
DC 997 2500 1900 900 
DC 994 > 2500 1800 900 


DC 936 1700 1200 600 


Resistivity. 


Value for 0.1 megarad ‘hr irradiation 


After 100 megarads irradiation 


Resistivity, 


ohm-cm tané ohm-cm 


0.0015 
0.0025 


0.015 
0.025 
0.035 
0.035 


voids in polyethylene was covered in a report by 5. | 
Reynolds. General Electric Research Laboratory. A high 
voltage Schering bridge with broadband differential ampli- 
fier and cathode ray oscillograph were used to check the 
onset and offset of ionization as well as the change in 
conduction due to surface effects within the void. 

Comparisons of calculated and measured inception volt 
ages for natural voids and artificial voids are shown in 
Fables VIIL and IX. Initially. the discharge inception 
voltage of natural voids in polyethylene takes place at 
voltages from two to three times the cal ulated value. It 
has been observed in many instances that if the voltage 
is applied at twice the calculated inception value, ioniza- 
tion will often start in periods ranging from 10 min to 
longer than | hr. Once ionization begins, the offset voltage 
is below the calculated inception voltage. Artificial voids 
on the other hand. ionize at or close to the calculated 
value. 

Physical examination of the inside of natural voids in 
polyethylene after a few hours of ionization reveal drop 
lets of liquid scattered over the surface as shown in Fig. 
&. The appearance of these droplets is associated with 
deterioration products from the void surface caused by 
ionization. Changes in the physical characteristics of the 
voids. including gradual disappearance of liquid droplets 
followed by the formation of crystals. were discussed in 
relation to conductance characteristics. 

Tests on Mylar insulation with artificial voids having 
the same dimensions as in polyethylene showed a more 
rapid degradation than in polyethylene. As shown in Fig. 
4 the liquid droplets and crystals are followed by surface 
erosion. This eroded surface has a conduction value of 
the order of 3 x 10° mhos 
for the same size void in polyethylene. This conduction 
in the Mylar void is suflicient to prevent ionization at 
twice its initial inception value. 


mhos compared to}: x 30" 


In summary. this investigation indicates that moisture 
plays a major role in the degradation in closed voids 
within a dielectric system. Surface conduction changes 
within a closed void caused by the chemical deterioration 
of polyethylene and Mylar have a major effect on the 
ionization behavior of natural voids under voltage stress. 
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Summary—Round-Table Discussion on Revision of AIEE Code ‘General Principles upon 
which the Temperature Limits are Based in the Rating of Electrical Equipment’’.* 


1. In summary, major changes mean 
the following: Insulation will no longer 
be classified in terms of organic, inor- teristics of this 
ganic plus organic binder, and inor 


ganic materials. These categories have 


consensus which 


been replaced by a temperature clas 
sification of materials based on ATEE 
tests and on experience: 


‘lass 90C (O) 

‘lass 105 C (A) 

‘lass 130 C (B) 

‘lass 155 C (F) 

‘lass 180 C (H) 
‘lass 220 C 

‘lass >220 C (C) 


ing) and AIEE 


chemical reaction that the failure data .. What 
would plot as a straight line on a co .. New 
log of life vs the 
absolute 


2. Just what is meant exactly by the 


terms “accepted tests” and “experi- ordinate svstem 
ence” used in the revised AIEE code? reciprocal — of 
Which tests are meant? Whose experi- Now, this is not 


ence ? Inswer: The tests referred 


to are those standardized or approved true. In most situations one is admon 


by AIEE. The experience referred to ished to follow 
may be empirical as well as that re- neering wisdom 
corded in literature. In essence. it is 
the combined experience of both the to be dropped 
manufacturers and the users of mate 
rials. Experience also includes a com peratures. In all 
parison of new materials with accepted 
materials and systems. 

5. The 


was reviewed 


3. In magnet wire enamel. for ex 
imple . the basie vardstick of experl- 
ence is found in the behavior of Forn 


Conduction currents in highly purified liquid hexane 
were measured as a function of applied voltage. gap length 
and electrode material under d-c and impulse conditions 
in an investigation conducted by P. Keith Watson and 
\. Harry Sharbaugh, General Electric Research Labora- 
tory. Field strengths ranged to 500 kv/em. 

Measurements with d-c at low fields gave very high 
resistivity value (10'° ohm-cm, approximately) indicative 
of a fairly pure system. Polarization effects cause the 
conduction currents to decay rapidly for several minutes 
after voltage application, thus making it difficult to in- 
terpret the d-c measurements. So as to isolate the con- 
duction currents from the polarization effects, attempts 
are being made to study the conduction currents that flow 
during the time of application of rectangular voltage im- 
pulses of millisecond and microsecond duration. 

The nature of discharges in air gaps limited by series 
dielectrics, and some of the physical processes occuring. 
were discussed in a paper by J. C. Devins, also of G-E 
Research Laboratory. This study extends to high-fre- 
quency characteristics, an earlier work on the effect of 
surface resistivity on the low-frequency characteristics of 
these discharges. Depending upon surface resistivity. three 
distinct types of discharge (individual pulse size and 
shape) have been observed. 

Four methods for studying corona spaces in high-volt- 
age cables (principally polyethylene } were described by 
D. W. Kitchen and O. S. Pratt. Simplex Wire and Cable 
Company. 

1. Manometric test. This test is based on the pressure 
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var. While there is not a unanimity of ods. This 
agreement on the temperature charac 
enamel, there is a from other laboratories. 
holds that Formyar 
magnet wire will exhibit a life of about able. . Need 
15,000 to 20.000 
when varnished will increase its life to 
as much as 70.000 hr. 

1. Some facets of the test procedures 
outlined in AIEE 57 (magnet wire test 6. But 


torette testing) were discussed. One of 
the first problems discussed was in the 
statistical procedures. It is conceded 


that if a material experiences a single 


always the case: in 


rather than. statistics. than 
The high temperature points may have 
and additional test 
points taken near the operating tem 
ases one test point work 
should be obtained 
8000 hr of test life. 


operation 


means that certain labora- 
tories apply cycling tests differently 
Adequate cor- 
relation is therefore not always obtain- 
for standardization 
unvarnished, and was suggested. . . . The AIEE code 
should not allow for freedom of choice: 
there should not be an open system in 
cycling. 

other factors are involved 


(motor and mo 


besides — the length and number of 


cycles. Certain materials are 


uniquely sensitive to certain cycling 
Initial 


elongation may affect the end result. 


methods. others are not. 


about fast vs slow cooling? 
and unknown materials each 
introduces its own set of imponderables 


temperature. 7. Is there a comparison to be made 


hetween tests on motorettes, the twist 
fact the contrary is quite frequently test 


ind end equipment (e.g. motor 


tests ¢ In one test project. hours to 


dictates of engi fail were found fewer on the tw'st test 
on the motorette. but were the 
least on the motor test since motor tests 
subject the insulation system to the 


most severe conditions Increased 


in this direction was advocated 


in the vicinity of with results from different laboratories 


to be pooled for comparison 


of aging cycles 


The AIEE codes at 


present leave room for optional meth 


Fig. 7—A 1-hp silicone-insulated motor supported directly above 
a radioactive source under test as part of an extensive program 
for testing of various silicone-insulated motors, components and 
assemblies for their behavior under exposure to radiation. 
Motor shown here is being exposed to gamma ray radiation at 
the rate of 0.1 megarads per hr. Source: Dow Corning Corp. 
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Table Vill—Comparison of Calculated and Measured Inception Voltages for Natural Voids in 


Polyethylene * 
Void dimensions, millimeters 
Polyethylene Wall Avg. 
specimens thickness Depth diameter 
1902 0.2 0.5 1.83 
0.66 94 


0.67 95 


35 


Calculated 
Sparking inception 
potential, voltage, 
kv (peak kv (peak 


Measured 
inception 
voltage, 

kv (peak 


Measured 
offset 
voltage 

kv (peak 


2.8 31 17 
time unknown 


24 7.5 
after 10 min 


30 10 
after 10 min 


20 13 
after 8 min 


21 10 
after 13 min 


12.5 
after 8 min 


—— ses 


decrease caused by absorption of oxygen activated by 
corona. The test procedure has already been described in 
in ATEE paper 
interpreted. Figure LO shows the corona absorption in a 
l6-kyv cable with no strand shielding before and_ after 


iM nding 


Results of several tests were shown and 


Absorption is shown by jumps during stress 


periods. In an improved 46-ky cable corona absorption 


was slight even at 120 kv a-c. 

2. Silver mapping on the conductor This test is « arried 
ut by drawing AgC€n solution through the conductor by 
suction.” Silver is deposited on all copper surfaces ac- 
cessible to the liquid and a projection of the adjacent 


rona spaces is mapped on the outside of the conducto1 


big. 8—Droplets of liquid s« 


voids in polyethylene are 


ittered over the surtace of natural 
associated with deterioration products 
from the void surface caused by ionization. 
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Figure 11 illustrates a typical result of this method. When 
the insulation wall is sufficiently transparent, drawing 
ink (such as Superchrome) can be used instead of AgCn 

>. ( apacitance increase U hen the conductor spaces are 
filled with water. This test is made preferably with a good 
vacuum and deaerated water. With a sensitive 10-k 
bridge and a recording potentiometer, sample cores only 
i few feet lone can be tested. The water magnifies the 
effect of the gaps on the capacitance of the core. The test 


is quantitative and can give a reading on samples in which 


Fig. 9—Surface erosion in Mylar insulation following formation 
of liquid droplets and then erystals in artificial voids. Source 
General Electric Research Laboratory. 
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the gap is so thin that the corona onset voltage is above 
the breakdown voltage. It also permits a thorough study 
of insulating and other processes by comparison of short 
consecutive lengths. 


1. Change in corona level produced by gas substitution 





in the conductor or under the jacket. Freon-12 can raise eens 
the corona level by factor of nearly two; helium can re- 
duce it ideally to nearly one-fifth. Thus, the site of corona 
can be located by the change in corona level shown on a 
cathode ray corona test set. By filling corona spaces with 
water, complete suppression can be achieved and thus aid 
in locating the site of corona. 

In another paper, Messrs Kitchen and Pratt, discussed 
the latent damage that takes the form of “trees” formed 





in insulation by partial breakdown of defective or locally 
overstressed regions. This phenomena cannot be observed Wound around 

at ; : : ; i drum 11.5x O. 
in opaque insulation like rubber, but microscopic exami- 0.0 








nation will reveal them in polyethylene in various stages 
of growth. The trees may start from the conductor. from 
the outer surface, or from particles and fibers within the 
insulation. Examination of failed cables reveals some i 


x , g. 10—Corona absorption in 46-kv polyethylene cable before 
vestiges of trees formed prior to breakdown in practically and after bending 


. Single sample tests, using the manometri 
all instances where burnout was not excessive. test method. 

The process of breakdown by treeing could be followed 
visually and photographed at various stages by embedding 
needles in a suitable holder in the microscope. By con- 
trol of voltages it is possible to start tree growth. speed 
it up, or stop it at will, and to document results by photo- 
micrograph at any desired stage. 

It is expected that continued study of treeing may add 
to the understanding of the mechanism of electrical break- 
down. A typical growth of trees is shown in Fig. 12. 

Previously reported work in nontracking organic in- 
sulation was brought up to date by R. S. Norman and 
\. A. Kessel. General Electric Company. West Lynn. 
Mass. Major emphasis of the report was on the presenta- 
tion, by means of mass spectrometric analysis. of experi- 
mental evidence for the effectiveness of an internal 
oxidation mechanism by which resistance to surface car- 
bonization or tracking is achieved. The mechanism 
prevents the formation of free conducting carbon and 
instead causes the formation of nonconductive volatile 
hydrocarbons and carbon monoxide. In physical terms. 
the mechanism comprises hydrated alumina compounded 
with organic materials in specific quantities. 

The high are temperatures resulting from the electrical 
discharges rupture the long-chain. high molecular weight 
hydrocarbons. Simultaneously. they act on the hydrated 


Fig. 11—Silver mapping of corona spaces in polyethylene cable: 
Pop, corona level 10 kv: center, corona level 11.5 kv: bottom 
corona level 36 ky. 


Table 1IX—Comparison of Calculated and Measured Inception Voltages for Artificial Voids in 
Polyethylene and Mylar’ 


Void dimensions, millimeter Calculated Measured Measured 
Sparking inception inception offset 


Wall potential, voltage, voltage, voltage, 
Specimen No. thickness Depth Diameter kv (peak kv (peak kv (peak kv (peak 


Polyethylene, 1984 0.56 14 5.96 83 
Polyethylene, 1985 0.63 01 4.6 €.44 5 
Mylar, 1935 0.508 763 4.6 25 
Mylar, 1934 0.508 . 763 J 2 
Mylar, 1930 0.508 . 763 q 
Mylar, 1922 0.508 763 1 


6 
6 2 
6 75 








Fig. 12—Examples of “treeing” in polyethylene-insulated cable: 
Left, treeing phenomena after short-time a-c breakdown. Right, 
failure in 0.230 in. wall at 500 kv d-c shows typical direction 


alumina filler, releasing its water of hydration. In_ the 
presence of aluminum oxide and electron bombardment 
the hydrocarbon fragments react with the water to form 
carbon monoxide and other volatile hydrocarbons. 

Although the original work was related to butyl! rub- 
ber. data were also presented on epoxy and_ polyeste1 
resins compounded with hydrated alumina. Figure 13 
shows some breakdown values on various compounds 
subjected to dust creepage and fog test. 

The te mperature effect on electrical breakdown in sul- 
fur hexafluoride was discussed by Daniel Berg and 


Carroll N. Works. Westinghouse Research Laboratories. 


In non-uniform fields the positive direct voltage for 


breakdown in SI 


eoes through a maximum (owing to 


mydrat by weight 

big. | Hours to failure under dust-fog tests for polyester 
resin, butyl rubber and epoxide resin with various percentages 
of hydrated alumina added as an internal oxidation mechanism 
to prevent tracking. Source 


Lynn, Mass 


General Electric Company, West 
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of tree growth starting from positive water (top) to negative 
conductor (bottom). Source: Simplex Wire and Cable Com- 
pany. 


the positive corona that precedes breakdown). A changs 
in the SF from 25 C to 125 C shifts the 


maximum of the breakdown curve to higher pressures. 


temperature 


as exper ted from the pressure change on in reasing the 
temperature, 

When the higher temperature data are plotted as a 
function of density. however. the maximum occurs at the 
same density as the lower temperature data but the break 
down values are increased in the region where corona 
precedes breakdown. Breakdown voltage is thus shown 
to be not only a function of density, but also of tempera 
ture. 

\ study of the electric strengths of gases at high tem 
peratures by A. Harry Sharbaugh and P. Keith Watson. 
General Electric Research Laboratory, involved condi 
tions where the gas density is continuously increased by 


pressure change from the ambient value to that corres 
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Fig. 14—Dielectric constant of mono-, di- and tricyanoethyleellu 
lose at 25 C. —50 C and 93 C as noted. Source: Westinghouse 
Research Laboratories. 
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Notes—Round-Table Discussion on Dielectric Properties of Treated Metal Surfaces 
Applied to Aluminum Magnet Wire. 


1. Ceramic oxides appear to show 
the most promise for aluminum wire 
insulation. Despite some question by 
purists, aluminum oxide should be also 
considered in this context as a ceramic. 
materials that 
should be investigated ... 


2. There are other 
for example 
the phosphates. 

3. Essentially, the aluminum magnet 
wire discussed is wanted for 500-C op- 


eration in missiles. reactors, and the 


e. Continuous operation at 500 C 
both under vibration and under 
static conditions. 

f. No appreciable current leakage. 
1. But actually 
formal specifications. The military say 

“Give us the materials first and we will 

see whether they meet our require 


there are no such 


ments.” 
5. In larger wire sizes. particularly 


for shipboard and aircraft use. weight 


conditions? . Organic radome matt 
rials operate at 200 hr and 650 F 
Probably ceramic-filled polyesters in a 
glass fabric. 


7. Difficulty has been noted with 
anodized aluminum in that for radii 
less than *-in. there is tendency to 


cracking when wound. 


8. In our work in aluminum. we 
should not overlook the fact that basic 


like. General requirements are these: 
a. Practicability 
b. Flexibility (able to be wound by 
ordinary methods) 
ce. Good conductivity Isn't it 


go to aluminum. 


ponding to condensed phases of matter. A breakdown 
vessel specially constructed for this study is capable of 
operation up to 3000 psi and 300 C; the cell permits 
observation, irradiation, and adjustment of the electrodes 
without depressurizing the system. Using 1 in. diam 
stainless electrodes, a study of nitrogen has been made in 
the pressure range 15-2000 psi and at different electrode 
spacings (0.006 in.-0.025 in.). Data have been obtained 
showing relation between the measured electric strength. 
vas purity, and number of breakdowns made with a given 
set of electrodes. 

Dielectric cyanoethylated cellulose 
(cyanoethylcellulose) over a wide temperature range were 
reported by D. H. Hogle. M. M. Rutter and T. M. Dakin. 
Westinghouse Research Laboratories. Dielectric data were 
obtained from 


properties on 


76 C to 150 C over a frequency range 
from 25 cycles to 45 megacycles. Particularly interesting 
is the high dielectric constant of this polymer for poten- 
tial use as a capacitor dielectric film. 

It should be possible to increase the capacitance-per- 
unit volume of such types of capacitors where moderate 
dielectric losses are not critical. Figure 14 shows the 
dielectric constant of cyanoethylcellulose at —50, —53 
and 25C for three different degrees of substitution: mono- 
cyanoethyleellulose (6.5 per cent N): 
lose (10.4 per cent N): 
per cent N). 


dicyanoethylcellu- 
and trieyanethylcellulose (12.6 


\ new slotted-line instrument and method for simpli- 


is critical, therefore we almost have to 


6. Do we have to have inorganic ma- 
terials for such high temperature use? 
possible to develop organics 


d. Fair space factors that could do the job under certain 


Europe 
some of it goes back to the last world 


research has been done in 


war when copper was almost unobtain- 
able on the Continent. .. . We tend to 
repeat research that has been done in 


Europe. 


Fig. 15—-Slotted line instrumentation for dielectric measure- 
ments in the 200 to 5000 me range. Source: General Radio Com- 
pany. 


fying the measurement of dielectric constant and dielectric 

loss of solid dielectrics over the Irequency range from 

about 200 to 5000 megacycles was described by Ben- 

edict O’Brien and R. A. Radio 
] 


nued on page 20 


Soderman, General 


Proposed Literature Compilation—Radiation Effects on Dielectrics and Other Materials. 


The compilation of a badly needed 
master reference source to the current at 


literature on the effect of nuclear radia- 


the AIEE Subcommittee on Radiation two subcommittees 


Effects on Dielectrics with the coopera- 
tion of the AIEE Subcommittee’ on 
Effects on Materials. It is 
hoped that the compilation of this in 


Radiation 


formation and its ultimate publication 
will do much to bring order to the will begin with 
present somewhat unorganized state of 
the art and help establish agreement in 
such areas as nomenclature and meth- 
ods of. tests. 


Preliminary plans for 
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setting up this program were discussed 
a meeting held during the Confer- on 
ence on Insulation. 
tion on materials is being projected by To get this program underway. the 
hope to enroll a 
corps oft voluntary compilers of the 
literature to be covered. Specific jour- 
nals and other publications will be as 
signed on the basis of personal prefer- 
ence and reading habits. 
a compilation of the 
literature to be published in 1958 tory, Room 221, Bldg. 3, 
The two subcommittees will welcome 
the help of interested workers in the 


piling the literature of radiation effects 


ceneral should econ 
Marion C. Halleck 
General Electric Company, Fort Wayne 


materials in 
municate with 
Laboratory. 1635 Broadway. Fort 
Wavne. Indiana; those who are inter 
ested specifically in the literature on 
radiation effects on dielectrics should 
Philipp H. Klein, 
Electric Company. Electronics Labora 
Electronics 
Park, Svracuse. N. Y. Messrs. Halleck 


and Klein are the respective chairmen 


rhe write to General 


program 


field. Those who want to help in com- of the two subcommittees. 





British achievements with .. . 


Magnetic Tape Rolled 
from Powdered Metals 


high permeability 
alloys 


high flux density 
alloys — non-orient- 
ed, domain oriented 
and grain oriented 


ductile 
magnets 


permanent 


switching alloys — 
including a new 
high - molybdenum 
material 


Powder metallurgy techniques now make it commercially practical to pro- 


duce a variety of thin-gage magnetic core materials with controlled prop- 


erties and relatively little batch-to-batch variation. Following is a summary 


of both experimental and initial commercial results. 


Cc. E. RICHARDS 
Post Orrick ENGINEERING RESEARCH STATION 
London, England 


POWDER METALLURGY is not a new art and the manufac- 
ture of permanent and soft magnets by sintering is also 
well known. In the design ol elec tronic components pow- 
der or dust cores, consisting of ferromagnetic powder 
bonded by organic resins or ceramics, have been used 
for many vears and until recently constituted one of the 
major uses of powdered metals. But in the past few years 
the possibility of making magnetic alloy strip by sintering 
mixed powders and then cold rolling the billets has _be- 
come increasingly attractive. 

Ideally, magnetically soft strip and tape as a raw ma- 
terial should meet two general requirements: 
¢ The materials should be capable of a very high stand- 
ard of performance. 
® Quality of the material should be consistent. 

That magnetic alloys are capable of high performance 
is testified by the existence of such materials as Super- 
malloy. 4/79 Permalloy, Mumetal and 1040 Alloy in the 
high permeability field and of other accepted substances 
in other fields. Engineers have not, however. always been 
satisfied either with the performance or the consistency 
of materials they can buy in the open market. This 
opinion has been expressed in various ways. for example. 


by Peterson and Wrathall (7) *. Halsey (2), Williams (3). 


Problems with Melted Alloys. Some of the basic 
causes of poor performance are known and can _ be 
avoided. Bozorth shows that in a ternary nickel-iron- 
molybdenum alloy an error of 1 per cent in the nickel 
content results in a metal capable of attaining an initial 
permeability of only 17,000 under standard annealing con- 
ditions instead of the expected 25,000. (4) Richards. 
Lynch and Walker have shown that with the quarternary 
nickel, iron, copper, molybdenum alloy an error of only 
0.5 per cent in the nickel content results in a metal 
capable of attaining only 17,000 permeability instead of 
30,000. (5) The effects of trace impurities 
magnesium—in 


particularly 
Supermalloy are discussed by Schu- 
while Peterson and Wrathall (whose work 
has been extended by Epelboin and his collaborators) 
found that low permeability surface layers formed which 
were particularly serious on thin gages of metal. 

All of these troubles are to a degree unavoidable in 
metal made by the conventional melting, casting and roll- 
ing process. It is difficult to charge the crucibles with an 
accurate mixture of elements, particularly if a proportion 


macher (6), 


of scrap must be used. Thus the process can easily begin 
Melting at high 
temperature in a ceramic crucible brings the metal into 
intimate contact with the crucible material and the slag. 
if used, from which it can pick up substantial quantities 
of silicon. Melting at high temperature, particularly in 
vacuo, may lead to unknown losses of alloying elements, 
so the cast metal may not truly represent the original 


with an error in a major constituent. 
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Core 
permeability 
5,500 


Weight 
85 grams 


Because the composition and 
magnetic properties of powder- poor 
alloy tapes can be closely con- 
Core trolled from batch to batch, 


permeability 
30,000 


Weight 
13.5 grams 


2 


Experimental wide-band 


tolerances magnetically. Large 
“musicband line” transformer 
( British terminology) was made 
with tape rolled from a known 
batch of commercial 
melted nickel-iron alloy; smal- 


ler transformer has core wound 


eores can be designed to closer irom powder alloy tape. 


trans- 


former with high permeability 


(>50,000) 


core. Response a | 
) 


at 40 eps and 2.5 me. 


TUT LT Hb 


pow der-alloy 


tape 


down 


th i EELLLLL 1 i il 
i ee a a eee a 


S, 


ae ee 
je a 


ingredients in the melt. And finally it is customary to 
introduce a deoxidizer which may well be a reactive metal 
like magnesium. 

Unless melted and hot rolled metal is handled very 
carefully. the final strip will contain a small proportion 
of slag which though unimportant is nevertheless a use- 
less component, 

Advantages of Powder Processing. by using pow- 
der metallurgy techniques many or all of the above dif- 
ficulties can be avoided: 

e Raw materials are now commercially available in a 
high degree of purity. 

e They can be weighed in both the laboratory and pro- 
duction to an accuracy sufficient that the ultimate metal 
will have the desired composition to within 0.1 per cent 
or better. 

e The metals are never melted, so there is little tendency 
to pick up impurities from the containers, and the only 
deoxidizer used is hydrogen. 

@ Finally. all metal is cold rolled and finished in a clean, 
bright condition. 
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The powder metallurgy process is one of the few which 
can be taken directly from the laboratory into production 
without teething troubles. The alloys to be described have 
all been studied first as laboratory preparations and then 
passed on for manufacture. The only difficulty ever met 
has been because laboratory sintering was customarily 
done at 1350 C 
ment at 1250 C. 


An additional and unexpected effect was found in that 


while the plant preferred a longer treat- 


the sintered alloys did not form low permeability surface 
layers nearly so readily as their melted counterparts, 
whether the melted metals were of commercial quality o1 
laboratory products of the same initial purity as the sin- 
tered alloys—because even high purity powders contain 
traces of silicon, presumably as silica or silicate, and this 
silica reacts with the molten metal and dissolves, probably 
as silicide. In the final anneal given all these magnetic 
alloys this silicide reacts with traces of oxygen or watel 
in the annealing atmosphere, liberating silica (SiO.), 
which slightly strains the metal and results in a product 


of lower permeability. Sintered alloys which have not 
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been heated to such a high temperature do not contain 
silicon in such a reactive form and are far less liable to 
damage by impurities in the annealing atmosphere. This 
is important because core makers can be far less critical 
about the furnace atmospheres needed for sintered alloys 
than for melted ones. Figures illustrating this are given 
below. 

Powder Process. The basic process for making alloys 
by powder metallurgy is quite simple. The requisite quan- 
tities of the powders are carefully weighed, put into a 
tumbler or drum, and mixed for several hours (grinding 
in any form is not desirable because it tends to intro- 
kor small scale work hand- 
shaken glass or plastic tumblers suffice, but for larget 


duce unwanted impurities). 


amounts Monel metal drums are more satisfactory. The 
mixed powder is compressed at a relatively low pressure 
(20-30 tons per sq in.) into rectangular billets and 
sintered in hydrogen at 1200-1350 C. After sintering the 
billets are substantially but not completely homogeneous. 
To omplete the homogenization they are either cold rolled 
to about half thickness or hot forged. Each of these 
processes is followed by a heat treatment in hydrogen 
for several hours at 1200-1350 C. Further reduction is by 
cold rolling with intermediate short anneals after each 
50 per cent reduction in thickness. The final strip is slit 
and made into cores by conventional methods. 

Purity. The ease of attaining precise compositions by 
powder metallurgy has already been stressed: the purity 
of alloys made from commercially available materials 
is very high. Comparative analyses of powder alloys and 
melted ones are given in Table I. 

Effects of Moisture During Anneal. Cores made 
from powder alloys are relatively insensitive to traces of 
moisture or oxygen in the furnace atmosphere during the 
final anneal. (Moisture in the gas during intermediate 
anneals does not seem to be important with either type 
of alloy.) Cracked ammonia is as good as hydrogen but 
no data are available about the effect of cracked natural 
eas: in the absence of definite information it should be 
considered detrimental. 

The results of many measurements on the relative 
effects of annealing in dry hydrogen and in wet hydrogen 
are shown in Table II. 

High Permeability Cores. Although it is not always 
necessary to develop the highest permeabilities in metal 
for commercial use, the standard powder alloy can achieve 
these permeabilities after a suitable but not difficult heat 
treatment. 

Three methods of reaching high permeabilities have 
been successfully used: 
¢ Controlled cooling as recommended for Supermalloy. 
¢ High temperature anneal followed by baking at rela- 
tively low temperature. 

1050 C). 

Examples of the results attained are listed in Table III. 
Since very high permeabilities may be reached by anneal- 
ing at 1050 C, the problem of interlaminar insulation 
is simplified. Some desirable insulants cannot be used 
at 1300 C because they sinter on to the surface of the 


¢ Long anneal at normal temperature (say 


metal and induce residual strains on cooling which lower 
the final permeability. 

Temperature Coefficient of Permeability. There 
are circumstances in which two or more inductors may 
be required to remain in balance over a fair temperature 
range and should preferably remain constant over this 
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range. Temperature coeflicient is more sensitive to com- 
position than is permeability, and a study of a series of 
alloys within the composition tolerance of commercially 
melted alloys showed that within the range 0-100 C the 
change in inductance could vary from almost zero to 40 
per cent. It does not seem possible to have an alloy with 
a truly zero coeflicient. Composition and heat treatment 
are both significant and there is also a long-time effect 
which makes accurate measurement difficult. But by frac- 
tional changes in the composition of the quarternary 
alloy a metal having a temperature coefficient of per- 
meability of less than 1000 parts per million per deg ¢ 
in both high and low fields can be produced. This alloy 
has an initial permeability of over 25,000 after the ap- 
propriate heat treatment. The working range is between 
two maxima in the permeability-temperature curve. 

The above data all refer to high permeability alloys 
but the technique of manufacture is so readily adaptable 
that other alloys can easily be made. A few examples are 
siven below. Most of these are for known alloys and im- 
provements are less striking. 

High Flux Density Alloy. Some work has been done 
on the 50/50 nickel-iron alloy and on this alloy modified 
by molybdenum additions (as in Monimax). Typical 
figures for the 3 per cent molybdenum alloy are given in 
Table IV. 

Domain-Oriented Alloy. \ number of alloys based 
on 65/35 nickel-iron have been made. Those modified by 
molybdenum have higher resistivities than the simple 
alloy but Additions of 
molybdenum lower the Curie point and the saturation 


similar properties otherwise. 
significantly. Table V shows properties obtained for lab- 
oratory made alloys. Commercial powder alloys of some 
of these compositions are available: the properties are 
at least as good except for the coercivity which is some- 
what higher. say 0.05. 

Grain-Oriented 50/50 Nickel-Iron Alloy. Ingot- 


of this material, gain oriented by cold-rolling, have similar 


properties to those of melted alloys. No advantage can 


be claimed in the properties attainable but processing the 
powder alloys seems easier. It has been confirmed that to 
vet the best performance from some melted alloys, the 
final heat treatment must be carefully controlled; if the 
temperature exceds a certain figure (peculiar, so far as 
can be seen, to each batch of material) the performance 
may be spoiled. Too low a temperature fails to develop 
the best properties. With powder alloys no such limita- 
tion has been found: provided the final anneal is at a 
high enough temperature. Above 1000 C, no difficulty is 
met. 

Typical figures for 35-micron strip are: 

By B,/B,, H, 
15,000 0.93 0.1 

Ductile Permanent Magnet Alloys. Alloys of the 
Cunife or Magnetoflex type can be powder processed 
without any trouble and, given the prescribed heat treat- 
ment, have been found to give the performance indicated 
by earlier investigators. Tape has been rolled to 12 
microns. 

Switching Alloys. One of the interesting develop- 
ments in the application of magnetic materials has been 
the way in which magnetic switching and storage has 
grown in importance. It has, of course, been known that 
any alloy with a high ratio of remanence to saturation 
could be used for switching and many devices have been 
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Properties and Characteristics 
of Powder-Processed 
Soft Magnetic Alloys 


Table |! 


Impurities in Powder vs Melted High-Permea- 
bility Alloys 


Impurities, ‘per cent 


~ Commercial 
powder alloys 


Commercial 
melted alloys 


0. 01-0. 02 
0.006 


03 
1.0.08 
-0.7 


Element 


Nitrogen 
Oxygen 
Silicon 
Magnesium 
Manganese 
Sulphur 


0.002-0. 008 

0.002-0.004 
<0.02 
<0.005 
<0.01 

0.001-0.002 


Carbon a ¥ 
| 
| 
| 


' 


Table Il 
Effects of Moisture During Anneal 


7 
Ratio after wet anneal* 
u after dry anneal 


Metal ann — = a 
microns "Sintered alloys 


Melted alloys 


aes 


1.04 
0.98 
0.75 
0.78 


*in hydrogen saturated with water vapor at 20 C 


Table Vi 


Table Ill 


Effects of Heat Treatment on High-Permeability 
Powder Alloys 


Initial 
| permeability 


33,000 
42,000 
77,000 
70,000 


Thermal treatment 


Normal anneal, 3 hr at 1050 C 
9 hr at 1050 C 
24 hr at 1050 C 
3 hr at 1300 C furnace cool 
3 hr at 1300 C quench, bake 460-470 C, 14-2 | 
hrs | 100,000 


Table IV 
Properties of Non-Oriented 50/50 Nickel-iron 
Alloy with 3 Per Cent Molybdenum 


Thickness: 50 microns 


Losses watts, Ab 


'B./Ba| He | us | 50 | 400 | 1200| 2400 
| | cps = cps | cps 

SS 5 oi ee oe Beka 
13,500 | 0.74 | 0.1 | 3500 | 0.12 | 1.4 | 5.4 | 13.0 
| | } 


| 
| 
‘ 


Table V 


Properties of 
Domain-Oriented 65/35 Nickel-Iron Alloys 


Thickness: 50 microns 
Mo 
per cent B.. 
0 13,800 
1 13,400 
2 | 12,800 
3 ; 11,800 


Switching Characteristics of Commercial Tape Cores vs Several Powder Alloys 


| 


Material Composition 


irl A 
| 
Mo 


Commercial tape cores 


Sintered alloy rings 


Sintered, high Mo alloy rings 


Sintered, high Mo » allloy, controlled 
coercivity 
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| 
Thickness | Remanence 


microns | 


| | | 
Coercivity | Switching time in microseconds 
ratio 


B./Bn H. Tae ae at 
1'0e 0.5 Oe 0.25 Oe 2H. 


0.9 0 ‘07.4 
os | | 0. a 


0.77 
0.76 
0.75 
0.74 





based on these so-called “square loop” materials. During 
World War Il Koppelmann in Germany designed a very 
successful rectifier for normal power frequencies based 
on grain-oriented 50/50 nickel-iron alloy (Permenorm 
90002). (7) Similar devices have been made with the 
equivalent materials in other countries. e.g. Orthonol and 
Teleon HCR.. and also with the domain-oriented 65/35 
nickel-iron. These switch satisfactorily at power fre- 
quencies but, however thin they may be rolled, they do 
not switch at speeds suitable for computer o1 other elec- 
tronic switching devices and they also give rise to large 
anomalous losses 

Experimental results on domain-oriented 65/35 nickel- 
iron alloy 15 microns thick showed that although the 
coercivity was in the region of 0.02 oersted the switching 
time in a field of 1 oersted was typically about 10 micro- 
seconds. This is too slow for veneral work and modifica- 


tion by molybdenum 


increasing the 
resistivity did not increase the speed sufficiently. With 


the advent of the rectangular loop ferrites which (though 


additions though 


having a coercivity of about | oersted) will switch in a 
held of 2 oersteds in about | microsecond, most of the 
magnetic switching work was concentrated on ferrite 
cores. For some devices such as shift registers. however. 
the lower coercivity of metallic cores is an attraction and 
many of these have been based on very thin (typically 
3-micron) nickel-iron cores. These cores do not have 
as high remanence ratio as the grain or domain oriented 
alloys. or of the ferrites. but the figure. about 0.85. is 
high enough to make them practicable. 

It is known that relatively fast switching can be at- 
tained with ultra-thin cores of the 4/79 Permalloy type 
and an experimental shift register was built with some 
of these and was exhibited at the 1956 Physical Society 
Exhibition in London. This device operated satisfactorily 
at a frequency of 250 ke but no faster operation seemed 
possible. A search was therefore made for allovs which 
would respond even faster and it was found that one 
containing 12 per cent molybdenum gave a noticeable im- 
provement. 

Comparative data on the various materials is eiven 
in Table VI. and from which several observations can 
be made: 
® Switching times shorter than attainable with 3-micron 


1/79 alloy are rines of 12/80 


sciven by much thicker 
alloy. 

© With the 12/80 alloy there seems little point in striving 
for very thin metal if a driving field of (sav) 1 oersted is 
available. 

e If smaller 


metal is a definite advantage. 


driving fields are contemplated. thinner 


¢ By controlling the coercivity of the metal it is possible 
to get rapid switching in fields of 2 x H,. so that matrix 


storage becomes possible. 


If these developments can be pushed a little further 
the possibility exists of producing rapid access matrix 
(and other) stores based on magnetic alloys produced 
by conventional methods. It is too early to sav whether 
these will be better than other forms of storage and 
further work must be done both by metallurgists and 
physicists. It is. however. clear that a new circuit element 
is available which can be accurately reproduced. 

Commercial Production. Earlier in this article it 
was said that the powder metallurgy process could be 
taken practically straight from the laboratory into pro- 
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duction. It will be clear from the figures given for the 
influence of heat treatment that such material can only 
he evaluated by a very precise testing procedure. Such a 
method has been devised and published as Defence Speci fi- 
cation DEF 5192 by Her Majesty’s Stationery Office. 
This gives a very detailed method of annealing and test- 
ing which in essence consists of annealing ring specimens 
at L050 10C for 3 hr followed by a furnace cool at a 
rate that takes 7 to 8 hr to fall to 200 C. The furnace at- 
mosphere is dry, oxygen-free hydrogen having a dew- 
point (measured at the exit of the hot furnace) below 

50 C. Permeabilities are calculated from 
ments of the shunt inductance at 2 kc and a magnetic 
field not exceeding 50 x 10° oersted (rms). 


measure- 


Under these test conditions the mean permeabilities 
called for are 22.000 and 20,000 for 0.004 and 0,002 in. 
strip respectively. An examination of the factory output. 
measured on 0.004-0.005 in. strip, shows that the mean 
overall figure attained is 30.000 with a standard devia- 
tion of 4000. The 95 per cent confidence limits for the 
mean figure are 29.000 and 31,000 and for individual 
batches 22.000 and 38,000. These figures are based on 
a complete record of all factory production starting with 
the first batch produced and continuing until the time 
of writing. Two deliveries of tape cores commercially 
made from some of this material had (core) permeabili 
ties of 30.000 (co 1300) and 27.000 (o L000). 

With materials of such reliability it is possible to re- 
design equipment with advantage to both manufacturer 
and user. Two examples are illustrated: Fig. 1 shows the 
comparison in size and performance of narrow trans- 
formers made from low (but not unknown) permeability 
nickel-iron and the powder-processed material described : 
Fig. 2 indicates the size and performance of an experi- 
mental wide-band transformer which can only be achieved 
hy the use of very high permeability cores (the core in 
this case was a powder-metallurgy one given a special heat 
treatment to develop a permeability in excess of 50,000). 

In conclusion it can be stated that in some cases, par- 
ticularly with the high permeability alloys, the precision 
of composition and freedom from impurity of the metals 
is a positive advantage; in other alloys, powder metallurgy 
has been used as a convenient research tool and although 
some of the properties recorded are better than those nor- 
mally reached it is arguable whether the additional ex- 
pense is justifiable. The new switching alloy may be of 
interest to designers of computers and similar devices: 
its full possibilities (and drawbacks) are not yet known. 
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Graphic Form 
for Operating Instruction Accuracy 


Testing and other production processes frequently consist entirely of success- 


ive definite actions for which the operating instructions must indicate equipment 


manipulations and their sequence. Written specifications tend to be ambiguous 


and obscure. By their nature, sequential operating instructions are best trans- 


mitted in tabular, graphic form. as they gain conciseness for use in production 


and are far more readily analyzed for trouble-hunting and engineering purposes 


FREDRICK K. DUDLEY 
Professional Engineer 
Milwaukee 


THE ROLE PLAYED BY ENGINEERING in manufacturing 
necessarily extends far beyond the primary development 
and design of products. The production testing of prod 
ucts and components is a conspicuous example of a fac- 
tory process that requires the engineer's familiarity not 
only with the product details but also with the intricacies 
of test methods and equipment. The translation of prod- 
uct specifications into concise non-ambiguous operating 
directions, suitable for production use, thus becomes an 
engineering function. 

The performance and other qualities of a product or 
component are usually embodied in detailed specifica- 
tions of one form or another. Test and other equipment 
often have associated operating manuals or instructions. 
Neither product specifications nor equipment operating 
instructions are suitable for facile and direct use in 
production processes by factory personnel. Frequently, 
even usually, test or other equipment is specially de- 
signed for a production operation, or consists of a collec- 
tion of standard apparatus: in either case complete 
operating instructions would not exist unless prepared 
by someone with the necessary technical background. 

\ commonly practiced solution to this problem is the 
preparation of step-by-step written instructions for test- 
ing or other processing of a product using specified 
equipment. These detailed instructions are used by pro- 
duction and inspection foremen in the training of opera- 
tors. and by the operators for reference until the se- 
quence of manipulations are committed to memory. The 
time necessary to assimilate and memorize this informa- 
tion. depending on the number and nature of operations 
to be performed. may be very great. After most of the 
operations are memorized. the operator will try to reduce 


the operating time by more efficient manipulation. As the 


speed increases the operator may forget certain steps in 
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the process, or make errors in sequence or mode of 
operation. This may cause the rejection of good products 
or the acceptance of inferior units. If a part of the 
process must be repeated. the operator must usually 
repeat the sequence from the beginning because of the 
memorized-routine mode of working 

When written operation and sequence instructions are 
employed. and memorized by operators so as to be re 
duced to an habitual routine. the making of changes or in 
veneral any engineering analysis or trouble-hunting is 
exceedingly difficult. A change in instructions necessitates 
a retraining period and consequent waste of time. If the 
instructions are poorly written they are often ambiguous 
and subject to varying interpretation by different opera- 
tors. Instructions consisting of a long series of equipment 
manipulations and their sequence are particularly sus 
ceptible to obscurity in meaning and difficult to write 
and to read. 

The very fact that each step in such operating instruc 
tions is. in itself, a simple and forthright direction for 
an operator to manipulate a switch or control, to read 
an instrument or to perform some similar action. makes 
descriptive instructions in continuous text form repetitive 
and confusing. On the other hand. the simple content of 
the information to be conveyed for each step in a pros 
ess such as production testing readily permits presenta- 
tion in tabular and graphic form. with many real ad- 
vantages in both the preparation of the instructions and 
in their use. 

Graphic operating instructions can alleviate many of 
the difficulties inherent in the written form. and in addi- 
tion are far more readily analyzed for improving process 
efficiency because they vividly present the grouping. ar- 
rangement and sequence of operations. The graphic form 
also is a powerful aid in the design and production of 
testing or other processing equipment. as for instance in 
determining whether various operations are to be done 
manually. semi- or fully-automatically. Human engineer- 
ing considerations. such as ease and naturalness of 
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Fig. 1—Motor connections for test sequence. 
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equipment manipulations and their sequence, are more 
readily introduced when a clear picture of the total 
process is presented, as may be done by the graphic form 
of instructions. Operator training time is reduced by this 
form of presentation, as there is far less need or incentive 
for the operators to commit the instructions to memory 
Changes in instructions are thus more readily introduced, 
and with less consequent confusion. 

Motor-Test Application. In order to illustrate the 
graphic form for operating instructions a hypothetical 
case has been conceived, consisting of a complete produc- 
tion test of a small two-phase control motor. A clear 
comparison of forms of presentation of the test informa- 
tion can be made by considering first the Test Specifica- 
tion for the motor, then written Test Instructions which 
might be prepared from the specification, and finally 
the same instructions in graphic form. The elemental 
motor test connections are shown in Fig. 1, and Fig. 2 
is a schematic of the test equipment circuit. 

Note that with the written form of test instructions 
it is impossible to perform any specific test without 
switching through all the preceding test steps. By con- 
verting these same test directions to chart form directly, 
a preliminary set of graphic operating instructions is 
obtained, Chart I. The graphic form is normally devel 
oped directly from the product specifications without an 
intermediary written form of instructions. 

Graphic Instructions. When preparing a set of graph- 
ie instructions, the switches, controls, measuring instru- 
ments and other equipment to be manipulated are listed 
across the top of the page. The test or other operating 
steps are listed vertically. The individual switch posi- 
tions for each operation are listed in the horizontal rows 
with an appropriate symbol indicating the exact condi- 
tion for each switch. In the “Initial Position,” for ex- 
ample, switches S-1, S-3 and S-4 are marked for the 
down position; switches S-2 and S-6 in the up position 
and S-5 to be centered. Switches S-7 and S-8 are not 
marked because they are not depressed. Note that posi- 
tions are marked only if they are to be changed from 
the previous setting. If an operation, No. 17 for in- 
stance. is to be performed without going through the 
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Fig. 2—Manual circuit for motor tests. 


entire preceding sequence, it is only necessary to prop- 
erly adjust the test unit and to position the switches as 
indicated in line 17: if no symbol is shown the direc- 
tion immediately above that particular space is to be 
followed. The asterisk under the “A” column means 
that the ammeter must be read when switch S-7 is de- 
pressed 

It may be seen from Chart I that there are 79 sepa- 
rate switch actions in 31 operations. exclusive of the 
initial position. With the aid of the preliminary graphic 
instructions incorporated in Chart I. it is possible to re- 
arrange the sequence of testing to 50 switch actions in 
22 operations exclusive of the initial position. This im- 


proved version of the same instructions is shown as 


Chart Il. If quantity and rate of utilization of a test 
or other process warrants, it can be made semi-auto 
matic. For the test process under discussion, a test cir 
cuit such as Fig. 3 can be used to accomplish the com- 
plete sequence of tests semi-automatically. By employ- 
ing compensated wattmeters and a rotary tap-switch in 
conjunction with relays. the switching actions have been 
reduced to 35, in 17 operations. 

It is apparent that refinements and extensions of the 
basic idea for graphic instructions using significant 
particular applications. 
The use of colors, for instance, for switch positions or 


symbols can be conceived for 


with other significance would further enhance the rapid 


readability of instructions. O00 


Test Instructions—Two-Phase Induction Motor, 30 volts, 60 cps 


Initial position. Set the switches to the 
following positions: 


S-]1 Power supply 
switch Down 

2 Control field 
voltage switch Up 

> Kixed field ex- 
citation switch Down 

1 Control field ex- 
citation switch Down 

5 Ammeter and watt- 
meter switch 

6 VT\ M selec tor 
switch Up 

Not depressed 


Not de pre ssed 


Center 
down. S-4 down. 


depress S-7. 
Ammeter switch 
-8 Wattmeter switch 


x 
First adjustment. Switch S-] up. Adjust 


variable transformer T-1 until VTVM 


reads 30 volts 


again. 


Second adjustment. Switch S-6 down. 


Adjust variable transformer T-2 until 


VTVM reads 30 volts. 


Third adjustment. Switch S- 


») 
Adjust variable transformer T-3 until 


VTVM reads 30 volts. 


Direction of rotation test. Place motor 
in appropriate test 
up. S-3 up. S-4 up. and S-6 up. Note 
direction of motor 


stand. Switch S-2 


Locked-rotor current test. Switch S-3 
and S-5 left. When 
motor has stopped switch S-3 up and 
Observe the milliammeter 
reading. Switch S-3 down. Then switch 
S-4 up. S-5 right. S-6 down. and depress 


-7. Observe the milliammeter reading 


Locked-rotor power test. Switch S-4 
down first. Then switch S-3 un. S-5 left. 


S-6 up. and depress S-8. Observe the 


Switch S-3 down. 
depress S-8 and observe the wattmeter 
correction reading. Record the differ- 
ence between these two readings. Switch 


wattmeter reading. 


down. 
S-4 up. S-5 right. S-6 down. and depress 
S-8. Observe the wattmeter reading. 
Switch S-4 down. depress S-8 and ob- 
serve the wattmeter correction reading. 
Record the difference between these 
last two readings. 


rotation, 


No-load speed test. Switch S-3 up. 5-4 
up. S-5 center. and S-6 up. Observe the 
speed of rotation with a stroboscopic 
tachometer. Switch S-2 down and S-6 
down. Observe the speed of rotation 
again. 

No-load current test. Switch S-2 up, 
S-5 left. S-6 up. and depress S-7. Ob- 
serve the milliammeter reading. Switch 
S-5 right. S-6 down. and depress S-7. 
Observe the 


again. 


milliammeter reading 
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big. 3 Semi-automatic circuit for motor 


Test Specifications—Two-Phase Induction Motor, 30 volts, 


Idle speed test. Switch S-4 down. S-5 
center, and S-6 up. Observe the speed 
of rotation of the motor when the moto: 
speed is stable. Switch S-2 down, S-4 
up. and S-6 Then switch S-3 
down. Observe the speed of rotation 
igain when the motor speed is stable. 


down. 


Idle current test. Switch S-2 up. S-3 up. 
S-5 left, and S-6 up. Then switch S-4 
down and depress S-7. Observe the 
milliammeter reading when the motor 
speed is stable. Switch S-4 up. Then 
switch S-3 down, S-5 right. S-6 down. 
and depress S-7. Observe the milli- 
ammeter reading again when the motor 


speed is stable. 


Idle power test. Switch S-3 up. S-5 left. 
and S-6 up. Then switch S-4 down and 
depress S-8. Observe the wattmeter 
reading when the motor speed is stable. 
Switch S-3 down. depress S-8, and ob- 
serve the wattmeter correction reading. 
Record the difference between these 
two readings. Switch S-3 up. S-4 up. 
S-5 right. and S-6 down. Then switch 
S-3 down and depress S-8. Observe the 
wattmeter reading when the motor 
speed is stable. Switch S-4 down. de- 
press S-8. and observe the 
correction 


wattmeter 
Record the differ- 
ence between these last 


reading. 


two readings. 
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tests. 


Initial Place all 
their initial positions. Remove the mo- 
tor from the test stand. Mark the motor 


with the appropriate inspection stamp. 


position. switches in 


Direction of The 
shall have a clockwise direction of ro- 
tation when 30 volts at a_ reference 
angle of 0° (30/0°) is applied to the 
fixed field winding from the brown to 
the red lead and 30 volts at a leading 
angle of 90° from the reference angle 
(30/90°) is applied to the control field 
winding from the orange to the yellow 


lead. (Figs. 1A and 1B) 


rotation test. motor 


Locked-rotor current test. The current 
drawn by either winding shall not ex- 
ceed 300 milliamperes when that wind- 
ing has 30 volts applied to it. The other 
winding is not excited. The motor must 
not be rotating. Test both 
(Fig. 1C) 


windings 


Locked-rotor power test. The power 
drawn by either winding shall not ex- 
ceed 7.8 watts when that winding has 
30 volts applied to it. and the other 
winding is not excited. The motor must 


not be rotating. (Fig. 1D) 


No-load speed test. The motor 
be at least 1620 rpm when the 
motor is connected with 30°0° volts 
applied to the fixed field winding and 


speed 


must 


Lobbbbeddoe 


60 cps 


30,/90° volts applied to the control 


field winding. Test the other direction 
of rotation by applying 30/—90° volts 
to the control field winding instead of 
30,/90° volts. (Fig. 1E) 

No-load current test. The current per 
phase shall not exceed 225 ma when 
the motor is connected with 30/0° volts 
applied to the fixed field winding and 
30 /90° volts applied to the 
field winding. Test both windings. 


IF) 


control 


(Fig 


Idle speed test. The idle speed shall not 
be less than 1570 rpm when one wind 
ing is excited with 30 volts. The other 
winding is not excited. The motor must 
be running at a stable speed. Test both 
directions of rotation. (Fig. 1G) 


Idle current test. The idle current per 
phase shall not exceed 222 ma when 


one winding is excited with 30 volts 
The other winding is not excited. The 
motor must be running at a _ stable 


speed. Test both windings. (Fig. 1H 


The idle 
phase shall not exceed 4.8 watts when 
that winding is excited with 30 volts 
The other winding is not excited. The 
motor stable 


(Fig. 1J) 


Idle power test. power per 


must be running at a 


speed. Test both windings. 





and 
Application of 


Hysteresis Clutches 


Kor control system applications, such as 
velocity and positioning servos, the hys- 
teresis Clutch exhibits particular advan- 


tages. Friction and 


magnetic particle 


clutches are generally smaller for the 


same torque rating, but do not offer the 
high degree of operating smoothness and 
freedom from drag torque. nor the linear- 
ity and repeatability inherent in the hys 
teresis principle. Analytical design meth- 
ods and the application characteristics of 


these ¢ lutches are presented here. 


JOSEPH WINSTON 
{ssistant Professor of Electrical Engineering 


NEWARK COLLEGE OF ENGINEERING 
Newark. New Jersey 


[Hk TORQUE DEVELOPED during cyclic magnetization of 


hardened steel ring by a rotating magnetic field has 


been effectively utilized for a number of years in hysteresis 
synchronous motors. More recently hysteresis clutches 
have been built. These clutches are increasing in impor- 


tance as more engineers become aware of their unique 


Fig. 1 


[ypical hysteresis clutch, cross-sectional view. 


properties and find new uses for them in the field of 
automatic control. 

\ form of magnetic structure used in hysteresis clutches 

is shown in Fig. 1. The outer member of this clutch con- 
sists of a rotatable cup into which a hardened cobalt 
steel ring has been pressed. An inner rotating member, 
consisting of overlapping pole assemblies carrying an 
exciting coil, sets up a magnetic field in the hysteresis 
ring. D-e excitation for the coil is obtained through 
brushes and slip rings. If the pole structure is driven 
by a motor. the cobalt steel ring will tend to follow the 
poles. 
When the output member of the clutch in Fig. 1 rotates 
at the same speed as the driven member there is no 
hysteresis or eddy-current loss in the ring. For slip service 
however these losses may be very high, and it is often 
necessary to fin the outside of the retaining cup in ordet 
to dissipate the heat. With the construction shown, the 
poles may be used as fan blades. If they are to be used 
most effectively in this manner a ring of ventilating holes 
should be drilled in the retaining cup with the centers of 
the holes at a diameter approximately equal to the diam- 
eter at the base of the poles. 

Placing the hysteresis ring on the outer rotating mem- 
ber aids greatly in the dissipation of extra heat generated 
during slip service. Copper or aluminum may be used 
for the supporting cup. One advantage of copper is that 
it has 90 per cent greater thermal conductivity than 
tluminum and only 63 per cent as great a_ thermal 
coefiicient of expansion as the latter metal. Use of an 
aluminum cup, however, results in a greater torque-to- 
inertia ratio for the output member. The greater differen- 
tial expansion between an aluminum cup and the hysteresis 
ring would give rise to an increased tendency for the 
come loose during slip service. This difficulty 


ring to 
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may be offset to a great extent by staking the ring in 
place within the cup. 

The theory of hysteresis torque may best be explained 
by reference to Figs. 2 and 3. Consider a ring of hardened 
magnetic steel driven through a magnetic field by a 
prime mover in the direction indicated. After several 
rotations, any of the segments in the ring traverses a 
hysteresis loop such as that shown in Fig. 3. At any instant 
a small segment of the ring is at some magnetic state 
corresponding to a point on the loop. Since magnetic 
held strength is a vector quantity it is possible to con- 
sider that the magnetic condition of any segment in the 
hysteresis ring is obtained from two sources. One of 
these is operation along the dotted average magnetization 
curve in Fig. 3 and the other the hysteresis component of 
field strength H,. 

If magnetization of a segment of steel in accordance 
with the average magnetization curve (def) is first con- 
sidered, it will be seen that the flux density at location 
(A) in Fig. 2 (a) will correspond to an initial magnetic 
state (e) on this curve. At this point the flux density and 
field strength induced in the segment are zero. However. 
as the segment of steel at (A) progresses toward position 
(B) its flux density increases until it reaches a maximum 
at the latter position, where one-half of all the flux 
emanating from a pole is carried by the ring. At position 


(B) the iron is at a magnetic state corresponding to point 
(f{) on the average magnetization curve (def). As the 
segment moves from position (B) to (C), its magnetic 


condition moves back along the average magnetization 
curve to point (e). Further rotation from (C) to (D) 
makes the steel operate along the curve from (e) to (d), 
while movement of the segment from (D) back to (A) 
causes a return to the original magnetic condition at (e). 

In Fig. 2 (a) the direction of the induced field strength 
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Fig. 2—Magnetic field strength 
distribution in the hysteresis 
ring resulting from (a) opera- 
tion along the average mag- 
netization curve in Fig. 3, and 
b) the hysteresis component of 
magnetic field strength Ho. 





H> =hysteresis component of 
magnetic field strength 


H> ercive force 
3 


Fig. Major hysteresis loop and average magnitization curve. 
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Fig. 4—Flux distribution in the air-gap of a hysteresis clutch, 
resulting from operation along the average magnetization 
curve is shown for all segments comprising the ring. It 
will be seen that the magnetic axis of the resulting in- 
duced field in the ring lines up with the magnetic axis 
of the inducing field and thus give rise to no torque. In 
order for torque to he developed. a field having its 
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( Continued ) 


magnetic axis displaced with respect to the resultant 
applied field must be present in the rotor. It will be shown 
that the hysteresis component of the field in the ring is in 
quadrature with the resultant inducing field and therefore 
causes torque. 
Referring to Fig. 
Fig. 3, it will be seen that when a small section of steel 
in the ring is at position (A) the field strength in it is 
not zero, as it would be if the segment were being carried 


2(b) and the hysteresis loop ot 


through a magnetic cycle determined solely by curve 
(def). Instead the piece of steel retains some of the 
magnetism it had previously 
positions (D) and (A). 


while traveling between 
At location (A) the field strength 
in the steel ring resulting from hysteresis has a magnitude 
H and the direction shown in Fig. 2(b). As the steel 
segment moves between (A) and (B) the hysteresis field 


Fig. 5—Major and typical minor hysteresis loops experienced 


by segments of a ring during adjustment of developed torque 
to match load torque. 


Fig. 6—Typical torque-slip Fie. 7 
ig. 7 


curves for a hysteresis clutch 
for various coil excitations 


strength H, maintains the direction it had at (A) but 
decreases in magnitude until it becomes zero at position 
(B). For positions between (B) and (C) the hysteresis 
field reverses in direction and increases to a maximum 
value in the new direction at (C). Between (C) and (D) 
the hysteresis field strength in a ring segment maintains 
the same direction it had between (B) and (C). Refer- 
ence to the hysteresis loop of Fig. 3 shows a return of the 
hysteresis field strength between positions (D) and (A) 
to that during motion from (A) to (B). 

In Fig. 2(b) the direction of the rotor field resulting 
from the hysteresis field strengths in all segments of the 
ring is shown. It is quite apparent that such a field 
has its magnetic axis in quadrature with that of the in- 
ducing field and causes a torque to be produced. The 
inducing field shown in Fig. 2(b) has north polarity 
at the top of the ring and south polarity at the bottom. 
Because of the hysteresis field, a north pole is set up 
on the left side of the hysteresis ring and a south pole 
on the right. The hysteresis pole axis on the ring is in 
quadrature with the inducing field axis and of such polar- 
ity as to give rise to an electromagnetic torque opposing 
the prime mover. An equal and opposite torque, however. 
is produced which tends to cause the member setting up 
the inducing field to follow the driven ring. Had the 
main field been driven, hysteresis poles would have been 
set up on the ring in such a way as to cause it to follow 
the inducing poles. 

The strength of the induced poles resulting from 
hysteresis is a function only of the area under the 
hysteresis loop, being greater for a broader loop. No 
matter how fast the driven member is rotated, the hyste- 
resis poles maintain the same strength. The same torque 
can therefore be transmitted by hysteresis action regard- 
less of the speed at which the input member is driven. 

The true magnetic condition of the hysteresis ring 
material corresponds to the superposition of the average 
and hysteresis fields shown in Figs. 2(a) and 2(b). Dis- 
tortion of the air-gap field is produced by the hysteresis 
field component of the ring: torque by the reaction of the 
hysteresis field and the resultant field. Because the 
hysteresis field is merely a distorting field, the ampere- 


Basic velocity servo using hysteresis clutch drive. 
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turns required to set up a given peak flux density in the 
ring are determined from an average magnetization 
curve such as (def) in Fig. 3. Distortion of the air-gap 
flux by the hysteresis field of a clutch in which the poles 
are on the driven member is shown in Fig. 4. Note that 
the magnetic axes of the distorted field have been shifted 
against the rotation of the poles so that they are now 
somewhat to the left of the mechanical axes of the poles. 

The eddy-current torque of a hysteresis clutch acts 
in the same direction as the hysteresis torque, but its 
magnitude increases with an increase in the slip speed 
of the output member of the clutch relative to its driven 
member. For a given excitation a hysteresis clutch can 
transmit only a certain amount of torque before its out- 
put member starts to slip. The manner in which the trans- 
mitted torque adjusts itself to a new load requirement 
when no slip takes place is quite interesting and may 
be explained by reference to Fig. 5. 

If the clutch is just about to slip and has a fixed coil 
excitation, every segment of steel in the hysteresis ring 
will be at some magnetic state corresponding to a point 
on the major hysteresis loop. Depending on the location 
of a segment of the ring with respect to the resultant 
flux-density wave in the air-gap, the last change in flux 
density experienced by it may have been either an in- 
crease or a decrease. If a decrease, the magnetic state 
of the segment is such that it lies on a descending portion 
of the major hysteresis loop such as point (0). For a 
segment which last experienced an increase in flux density 
the steel would be at a point on the rising part of the 
hysteresis loop, point (m) for example. 

In Figs. 2(a) and 2(b), if the load torque decréases, 
the field member will speed up momentarily causing a 
decrease in flux density in those segments of the ring 
which last experienced an increase in flux density. For 
those segments of steel in which the last magnetic change 
to occur had associated with it a decrease in flux density. 
the momentary increase in the speed of the field poles 
causes an increase in flux density. The changes in flux 
density which occur are in such a direction as to move 
every section of steel in the ring along a minor hysteresis 
loop to a new magnetic state, resulting in an effectively 
narrower hysteresis loop. This narrowed loop has asso- 
ciated with it weaker hysteresis poles and therefore re- 
duced transmitted torque. Two of the many minor hys- 


Ref 
voltage 






A-c 
source. 





utput torque 





Output 


speed, per cent of motor speed 


Fig. 8—Torque vs output speed curves for a typical hysteresis 
clutch for various excitation levels. 


teresis loops associated with the 
magnetic energy of the hysteresis ring are shown in Fig. 5. 
If the excited pole structure of the clutch is part of the 
driven member, the hysteresis ring must momentarily in- 


overall change in 


crease its speed to cause the magnetic changes just de- 
scribed in connection with the narrowing of the hysteresis 
loop. 

When the output member of a hysteresis clutch slips 
with respect to its driven member, curves of transmitted 
torque versus slip speed similar to those shown in Fig. 6 
are obtained. The shape of these curves suggests the use 
of hysteresis clutches for applications where torque lim- 
iting or torque control is required. 

Although hysteresis clutches are larger than friction 
or magnetic particle clutches for the same torque rating. 
they have many advantages. Among these are their high 
degree of reliability, repeatability, linearity, freedom 
from excessive drag torque, ease of ventilation and 
smoothness of operation. An obvious application for 
hysteresis clutches is in dynamometers used in testing 
small electric motors. Dynamometers which use hysteresis 
clutches are now available commercially and are being 
used for both production testing and incoming inspection. 

The high degree of reliability of hysteresis clutches is 
evidenced by their recent use in the flight control systems 
of guided missiles. One company manufacturing hys- 
teresis clutches refers in its catalog to a commercial ap- 


plication where hysteresis clutches have been operated 





a clutch 
+ </- 
, — Clutch 
D-c reference nat 
voltage 
Fig. 9—The d-e amplifier of Fig. 7 is eliminated by chopping the d- Fig. 10 wor luteh arrangement 
reference and tachometer signals to produce an a-e error. signal. for reversible servo operation. 
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Design and 

Application of 

HYSTERESIS CLUTCHES oe arn 
Ihe clutch in the system of Fig. 7 is the load on a d- 


(Continued) amplifier, the input to which determines the speed setting. 
This input is obtained by bucking a reference voltage 
against the voltage output of a d-c tachometer generator 
which is direct-coupled or geared to the output shaft of 
the clutch. It is a simple matter to change the controlled 
speed setting by merely adjusting the output of the refer- 
for over 10,000 hours with no replacement of original or signal pobontionnater ane saemne on ee ae ee 
parts set speed is automatically maintained may be seen by 
referring to Fig. 8, which shows a typical family of torque- 
Applications we curves for a hysteresis omicn. | 
uppose the input to the amplifier to be such as to con- 


\ good application for hysteresis clutches is in velocity strain the clutch to operate along the torque-speed curve 


servomechanisms designed for wide-range speed control 
with a high degree of repeatability. Figure 7 shows a 
block diagram for a system of this type incorporating 
i hysteresis clutch designed for high-slip operation. The 


input member of the clutch is driven by a constant-speed 


motor which must deliver substantially the same powe 
regardless of the speed of the output member. Since this 
type of drive is generally used for friction loads. which 
require practically the same torque at all speeds. the 
motor always sees the load torque at a higher speed than 
the output member of the clutch. During slip operation. 
the power loss in the hysteresis ring resulting from 
hysteresis and eddy currents is proportional to the dif- 
lerence between the speeds of the input and output rotat- 
ing members. Expressed quantitatively. this loss is given 
by the following equation: 


ureert, 
P, = 0.000747 AS 


“ here 


P watts loss in the ring during slip 
l load torque-motor torque, ounces-inches 
S speed of the input member of the clutch, 
speed of the output member, rpm 


19 | 
Torque, oz 

Fig. 12—-Individual and composite torque vs excitation curves 

for two identical biased hysteresis clutches operated in push-pull. 

Bias is 25 ma for each clutch. 


Push-pu 


hysteresis 
clutches 


Stab izing 


network 





Fig. 1ll1—Tested torque vs excitation curves for 


a typical Fig. 13—-Block diagram of a positioning servo using two 
hysteresis clutch. 


clutehes in push-pull. 
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Fig. 14 


‘ orresponding to excitation fF, and the load to be purely 


frictional with the torque-speed curve indicated. If the 


friction torque of the load changes to a higher value its 
torque-speed curve moves upward and intersects the 

torque-speed curve of the clutch at point (c), correspond- 
ing to a lower output speed. as soon as the 
speed starts to fall the d-c tachometer voltage falls with 
it. The net amplifier input then increases, causing an 
increase in cluch coil excitation. 


However, 


Increased clutch coil 
excitation in turn moves the effective torque-speed curve 
of the clutch to a higher level and causes the new clutch 
torque characeristic to interest the new load curve at 
point (b), corresponding to the original speed previously 
obtained through operation at point (a). If the load 
torque were to decrease, the speed would start to rise. 
This would cause the output of the tachometer generator 
to increase and the clutch excitation to diminish. The 


resultant lowering of the 


torque-speed curve would be 


consistent with the drop in the load curve to the end 
that the speed would have a tendency to remain at its 
original value. 

In some instrument servomechanisms such as that just 
described, drift in the d-c amplifier is excessive and can- 
not always be readily reduced to the required low level. 
lor these applications the part of the system in Fig. 7 
shown within the dotted block may be replaced by the 
arrangement shown in Fig. 9. By using a chopper with 
its coil excited from an a-c source 


, the error signal may 
be changed from d-c to a-e. 


This is accomplished by the 
chopper alternately sampling the reference and_tach- 
ometer signal to produce an a-c error voltage of rec- 
tangular waveform. The error signal fed through a 
cathode follower which isolates the low resistance con- 
trol winding of the magnetic amplifier from the relatively 
high resistance command signal potentiometer. A de- 
crease in clutch output speed causes an increase in peak- 
to-peak error signal, which in turn gives rise to increased 
clutch excitation. 


An increase in load speed produces an 
opposite effect. 


All features of the operation of the sys- 
tem described in connection with Fig. 7 have been main- 
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Circuit of positioning servo using a two-clutch drive. 
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Fig. 15—D-c magnetization curve for 
( Allegheny-Ludlum) 


Relay No. 


tained except for conversion of the d-c error signal to 
an a-c voltage. 

In positioning servomechanisms quick reversibility 
and low backlash are highly desirable in order that the 
system may be stable and fast acting. Low backlash re- 
quirements may be fulfilled by using two clutches ar- 
ranged as shown in Fig. 10. The input members of both 
clutches are driven in opposite directions by a single 
constant-speed electric motor. At no time does the input 
member of either clutch reverse its direction of rotation 
If both clutches have their coils excited so as to develop 
equal torques, the output gear does not rotate. If one 
clutch, however, receives more excitation than the other. 
the output gear is driven in a direction determined by the 
clutch developing the greatest torque. The overall torque 
which must be transmitted by the predominant clutch is 
then the load torque plus the drag torque exerted by 
the weaker clutch. A torque equal to the load torque plus 
twice the torque developed by the weaker clutch must 
he supplied by the drive motor. 

For normal operation in a servo system both of the 


clutches shown in Fig. 10 would 


carry equal quiescent 
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currents. causing their meshing pinion teeth to always 
make contact with teeth of the output gear on one side 
regardless of the direction of rotation of the load. This 
is in effect a zero-backlash drive. 

Figure 1] shows a family of tested torque-excitation 
curves obtained at various slips for a hysteresis clutch 
whose design will later be carried out in some detail. 
The curve for zero slip represents pure hysteresis torque. 
If two identical clutches of this type were operated in 
push-pull with each coil biased at 25 ma, their composite 
torque-excitation curve could be obtained from the in- 


dividual characteristics by superposition as shown in 
Fig. 12. 
develop opposing torques of 3.5 oz-in. If the tube sup- 
plying the coil of clutch No. 1 conducts more heavily 
than that supplying the coil of clutch No. 2 by an amount 
indicated as differential coil current, the composite torque- 


When each coil carries 25 ma, the clutches 


excitation curve appears in the first quadrant. For changes 
in the reverse sense, the composite curve appears in the 
third quadrant. The resultant torque-excitation curve is 
much more linear than that of a single clutch. This is 
a highly desirable condition from the point of view of the 
servomechanism engineer. 

The block diagram of a positioning servomechanism 
using a two-clutch drive is shown in Fig. 13 and a sche- 
matic diagram in Fig. 14. By means of a handwheel. the 
rotor of a synchro generator is turned out of correspond- 
ence with the rotor of a control transformer. An errot 
signal is thereby created either in phase or 180 deg out 
of phase with the a-c line voltage, depending on which 
way the handwheel is turned. To explain the operation 
of the circuit of Fig. 14 an error voltage in phase with 
the a-c line voltage will be assumed. 

Che error voltage is applied to the primary of the 
transformer 7',, causing the grid of | 
tive while the grid of V’. is driven negative. At the same 
time a positive half cycle is applied to the primary of 
transformer 7 


to be driven posi- 


causing points A and B to go positive 
with respect to ground. The plates of V, and V, are then 
positive. and the tubes conduct in accordance with their 
erid voltages. Tube V', would therefore conduct more 
heavily than I’,, causing C, to charge to a higher voltage 
than C,, with the polarity shown. During this same half 
evcle the tubes V, and V’, do not conduct because their 
cathodes are more positive than their plates. 

On the next half evcle the grids of V, and V, inter- 
change polarities, but since the plates of both tubes now 

) negative together neither one conducts. 

The biases on the grids of tubes Vs and V, are pro- 
duced by the positive voltage taken between A and B on 
the secondary side of 7, and the negative voltages asso- 
ciated with the charges on C, and C, produced during the 
first half cycle of the error signal. Since the charge ( 
is greater than that on C,, the grid of V; is more negative 


than that of V,. Because the cathodes of of V, and V, are 


120 


Ampere - turns 


Calculated magnetization curve of a hysteresis clutch. 


now below ground potential and their plates are grounded, 
these tubes can conduct. Tube V’,, however. will conduct 
more heavily than V’;. Equal currents in the plate circuits 
of V, and V, produce equal excitation in the two clutches 
at the quiescent operating point, and since the clutches are 
in opposition, no torque is transmitted to the load. When 
V, conducts more heavily than V,, on the other hand. 
there is a net torque available to drive the load. A re- 
versal in the phase of the error signal fed to 7, causes 
resulting in reversal 
of the net torque delivered to the load. 

When an error signal causes the load to be rotated. 
the rotation is carried thorugh an angle which tends to 


lV’, to conduct more heavily than | 


make the rotor of the control transformer reassume a 
position of correspondence with that of the generator. 
In practice, friction in the moving parts of the system 
vives rise to a small static positioning error because the 
starting friction of the moving parts must be overcome 
before any motion can take place. 

In order to produce greater stability and minimize 
overshoot in the positioning system of Fig. 14, tachomete1 
feedback is used. In the circuit shown. R, and C, com- 
prise a filter network designed to reduce the ripple in 
the output of the tachometer generator. The filtered out 
put of this generator is applied to a stabilizing or lead 
plus R, and R, in series. If the 
torque of the push-pull clutch and the velocity of the out- 
put shaft build up as a result of an error signal, C, will 
start to charge through R, and R 


R, is in the grid-cathode circuit of } 


network made up of ¢ 


in series. However. 
and in series with 
the the secondary of transformer 7. Any voltage across 
R, therefore appears as an additional grid voltage on V’;. 
The same holds true for R, in relation to f 

The polarity of this feedback voltage is such that it 
aids the error voltage applied to the grids of V, and J 
This aiding effect causes the clutch to receive extra power 
during the period when the load is being accelerated. 
\s the output shaft approaches its final position, the 
error signal starts to diminish, and the tachometer output 
decreases. When this occurs. ( 
through R, and R,, 


circuits of V,; and V, which are opposite in polarity to 


begins to discharge 
giving rise to voltages in the grid 
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those produced when C, was charging. The feedback now 
opposes the error signal in the secondaries of 7, and 
assists in bringing the load into its final position with 
a minimum of overshoot. The faster the load is positioned, 
the higher is the voltage to which C, is charged during 
the acceleration period, and the greater is the slowing 
effect resulting from the discharge of C, through R, and 
R. during the final positioning. 


Design Considerations 


Whenever a hysteresis clutch is used as a component of 
a feedback control system its response time becomes of 
great importance. In order to minimize delays in buildup 
or reduction of clutch flux it is desirable to use a lami- 
nated magnetic circuit. Unfortunately, however, this type 
of construction has not proved practical because of manu- 
facturing difficulties. It is usually desirable for this reason 
to use a return magnetic circuit made of a solid high 
resistivity, readily machinable steel such as Allegheny 
Ludlum’s Relay No. 5,* for which a magnetization curve 
is given in Fig. 15. Increasing the air-gap in a hysteresis 
clutch tends to reduce the magnetic time constant, but a 
large air-gap also results in increased size for a given 
torque rating. 

The electrical time constant of the coil circuit may 
readily be decreased by proper design. This time constant 
is equal to the ratio of the coil inductance to the total 
resistance of the coil circuit. Once the magnetization 
curve for a given cluch has been determined from design 
data, the inductance of the clutch coil may be determined 
from the following equation: 


nr Ade X 1075 
L 1.15 N*% AF 


where 
i self inductance in henries 
- number of turns in the coil 


Ad, = change in flux linking the coil, kilolines 
change in coil ampere-turns causing Ad, 
If a direct measurement of inductance is made using a 
Relay Core 
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1000-cycle impedance bridge, erroneous results may be 
obtained because the damping effect of the 1000-cycle 
eddy currents causes a reduction in the effective change 
in flux linking the coil for a given excitation change. 
Although the inductance of 
with the saturation of the iron in the magnetic circuit, 
most clutches are sufficiently 


a hysteresis clutch varies 


linear so that a constant 
value may be used in calculations. An illustration of the 
use of equation (2) is given on the curve sheet of Fig. 16. 
The resistance of the coil may be measured directly 
on a finished clutch or calculated from design data using 
equation (3). below. 
(Ln) N-K 


12.000 


in 
@ 
oOo 


Moximum flux density in ring, kilolines per sq 


0 
0 100 200 300 400 500 
Effective field strength in the ring, 
ampere-turns per in. 


Fig. 17—Effective magnetization curves for Simonds 81 cobalt- 
steel (17 per cent cobalt), 
various temperatures. 


annealed, hardened and aged at 


Table I—Effect on Time Constant of Using Different Wire Sizes and Adding 


Series Resistance to Keep Ampere-Turns Constant 


| | | 
| 


Coil 
Wire Res. at Added | Coil 
size | 1000 cps _ | res. ind. 
Turns ohms ohms henries 
28 0 24.0 
27 1500 . 21.2 15.0 
26 1200 30.4 9.55 
| 


25 950 32.4 6.00 
24 CO 750 31.0 3.73 
23 600 28.3 2.39 
22 475 24.6 1.50 
21 375 20.7 0.94 





All points calculated for 27 volts d-c excitation. 
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Coil -| Time 


current const. 
amp : | millisec. 


.206 183 
.262 145 
326 | | 115 
.414 92 
525 Le 
.653 | 58 
.825 46 
1.045 “ee 
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coil resistance, ohms 

coil mean length of turn, in 

resistance of the wire size used, measured in ohms pe! 
1000 ft at the estimated operating temperature of the 
coil 


Lhe electrical time constant is 
r L R SOU (1) 


By designing the coil of a hysteresis clutch for a lower 
voltage and connecting a series resistance in its circuit, 
the electrical time constant may be greatly reduced. For 
a given size coil the ampere-turns obtained depend only 
on the voltage directly across the coil and the resistance 
per 1000 ft of the wire used. The following expression, 
easily obtained using Ohm’s Law. shows this to be the 


Case: 


12.000 | 
kK 

where 

} coil ampere-turns 

| voltage directly across the coil 
li the voltage applied to the coil circuit is fixed and a 
resistor is used In series, a reduction in | will result. 
The ampere-turns will be unaflected provided that the 
K,,. of the wire is also decreased in the same proportion. 
\ lower value for K,, means a larger wire size. with fewer 
turns in the same winding space. From equation (2) it 
may be seen that the coil inductance decreases as the 
square of the turns. The coil resistance from equation 


3) also decreases as the turns squared. However, the 
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ring, kil 


Fig. 18—Coercive force of Simonds 81 
alloy. as a function of 
density. 


maximum flux Simonds 81 


temperatures. 


series resistance makes the overall L/R ratio decrease. 
lable | shows how the electrical time constant of one 
hysteresis clutch was varied by designing the coil for 
a fixed number of ampere-turns and different values of 
series resistance. This table shows that although the 
time constant is decreased, more excitation power is re- 
quired. For any specific application these factors must 
he weighed against one another. 

Torque Calculations. The maximum torque which 
can be transmitted by a hysteresis clutch before its out- 
put member starts to slip may be found from either of 
the following equations: 

Ty LL.3PVW (6) 
Tr = 111) HomazPOR X 10> (7) 
“ he re 

r hysteresis torque, 0z-in 

. number of poles 

\ volume of the hysteresis ring, cu in. 

We, hysteresis loss in the ring, measured in joules per cu 

in per cycle 

i coercive force corresponding to the maximum tlux 

density in the ring, measured in ampere-turns per in 
flux per pole, kilolines 

R mean radius of ring, in 

Even if the clutch slips, the hysteresis torque is given 
hy equations (6) and (7). In addition an eddy-current 
torque is developed which may be estimated from the 
following semi-empirical equation: 


0.25 & 10°? PB*,, .L-R?At(shp, rpm) (8) 


eddy-current torque, 0z-in. 

number of poles 

average flux density over a pole pitch, lines per sq in. 
axial length of the hysteresis ring, in. 

mean radius of the ring, in, 

pole pitch, in. 

radial thickness of the hysteresis ring, in. 

resistivity of the ring material, ohms per cu_cm 


The resistivity of the hysteresis ring material is a 


| 

| 
Raa Ss Salidenaiedaae are 
60 70 80 90 


Jx density, ring in kilolines /sq. in 


Fig. 19—Hysteresis energy loss vs maximum flux density for 
alloy, 


annealed. hardened and aged at various 
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function of the temperature. It is also possible that the 
eddy currents set up in the ring during slip operation 
force a portion of the working flux into leakage paths. 
causing some reduction in both the hysteresis and eddy- 
current torques. Figure 11 shows how the torque-excita- 
tion curves of one hysteresis clutch were affected by slip. 
The factors affecting the size of a hysteresis clutch 
may be studied by means of equation (7). Ordinarily in 
starting a design with a given hysteresis ring material 
a value for peak flux density in the ring is selected. This 
selection is generally made based upon experience, but 
if it turns out to be an unsatisfactory one the clutch can 
always be recalculated using a new value. If the maxi- 
mum flux density in the ring has been set, then Hon, 
is automatically determined. The flux per pole, 4, which 
may be used for given flux densities in the magnetic 
circuit excluding the ring is determined by the axial 
length of the ring and its radius. It may therefore be 
seen that for a fixed number of poles the hysteresis 
torque is proportional to the diameter of the ring squared 
multiplied by its axial length. This relationship is quite 
useful in making estimates of the physical size of a new 
clutch similar to one which has already been built. 
Hysteresis clutches to be used in feedback control 
systems ordinarily have as many poles as are mechanically 
feasible. The flux densities in all parts of the magnetic 
circuit excluding the ring depend only on the total flux 
crossing the air-gap. In order to keep this quantity con- 
stant. the flux per pole must be reduced in the same 
proportion by which the number of poles is increased. 
However, the flux carried by the ring section at the 
point of maximum flux density is always one-half of the 
working flux per pole and is reduced when the number of 
poles is increased. In order to maintain the same coercive 
force in the ring, its section must be decreased in the 
same proportion as that by which the number of poles 


Hysteresis rin 
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Fig. 20—-Magnetic circuit of hysteresis clutch. 
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was increased. The inertia of the ring can thus be re- 
duced by an amount limited almost entirely by machin- 
ing difficulties. 

In some applications a high degree of repeatability at 
a given operating temperature is necessary. This may be 
assured by aging the hysteresis ring at a temperature in 


excess of the highest expected operating temperature. 


Aging is generally carried out after the steel has been 
quench hardened. A reduction in hysteresis loss, and 
therefore the hysteresis torque for a given flux density 
in the ring, follows. This reduction in torque is the price 
paid for stability of operation. Figures 17, 18 and 19 
show the influence of various aging temperatures on the 
effective magnetization curve, coercive force and hystere- 
sis loss of a cobalt steel commonly used in hysteresis 
clutches. 

Magnetic Circuit Design. Before the magnetic de- 
sign of a hysteresis clutch can be attempted, a preliminary 
selection of the magnetic materials to be used must be 
made. based on data obtainable from the suppliers. 

The solid portions of the magnetic circuit may be made 
from Relay No. 5 steel for reasons previously given. 
Equation (6) indicates that more torque may be trans- 
mitted by a hysteresis clutch if the ring is made of a 
material having a higher hysteresis loss. However, ma- 
terials having higher hysteresis loss for a given flux 
density generally also require more ampere-turns to set 
up that flux density. For minimum weight designs a 
material should be used in the ring which requires the 
least number of ampere-turns for a given hysteresis loss. 
Curves showing the variation in hysteresis loss with 
ampere-turns per inch of ring material are available for 
materials commonly used in hysteresis motors and 
clutches. Curves such as those shown in Fig. 19 are also 
commonly available, but the hysteresis loops from which 
these curves are obtained are not usually supplied unless 
specifically requested. Since much useful data may be 
obtained from a family of hysteresis loops, it is ad- 
visable to request such curves. Normal magnetization 
curves are available for those materials supplied com- 
mercially, but they must be modified for accurate de- 
sign work. 

The coercive force of a hysteresis material may readily 
be found from curves such as thoe of Fig. 19. Hysteresis 
loss and coercive force are shown to be related by the fol- 
lowing equation: 

Wi X 108 (9) 


Hy Ben 


where 


B,moz= maximum flux density in the ring in kilolines per sq in 
Homar= coercive force in ampere-turns per in. corresponding to 
Brmez 

W hysteresis loss in joules per cu in. per cycle 

The curves of Fig. 18 were obtained from those of Fig. 
19 by making use of this equation. 

It is known that the maximum flux density in the 
hysteresis ring occurs midway between the resultant mag- 
netic axes of the field in the air-gap under adjacent poles. 
lo a close degree of approximation it may be assumed 
that the flux density in the ring varies sinusoidally be- 
tween a magnetic axis of the resultant air-gap field and 
the adjacent points of maximum flux density in the ring. 
lhe normal magnetization curve supplied by the manu- 
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facturer of the hysteresis material shows the field strength 
corresponding to the maximum flux density in the ring, 
but the flux density in reality varies from point to point. 
If the ampere-turns of the ring for a given flux per pole 
are found based on the maximum field strength in the 
ring and the pole pitch at the center of the ring, much 
too high a value will be obtained. It is more accurate to 
assume a sinusoidal flux density distribution within the 
ring and find the average field strength over a pole pitch 
by graphical integration. The averaged field strength 
for a given maximum flux density in the ring should be 
obtained from an average magnetization curve such as 
that shown dotted in Fig. 3, since the hysteresis com- 
ponent of the field cancels out in following any sym- 
metrical path from pole to pole. For each maximum flux 
density in the ring. a new hysteresis loop must be con- 
sidered. 

The effective magnetization curves for Simonds 81 
cobalt steel shown in Fig. 17 were obtained in this man- 
ner. If the maximum flux density in a ring of such steel 
is known, the effective field strength to use in calculating 
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Fig. 21—Approximate magnetic circuit used in computing the 
magnetization curve of a hysteresis clutch. 


the ampere-turn drop in the ring may be obtained from 
Fig. 17. Simonds 81 steel is suitable for most hysteresis 
clutch applications because of its high hysteresis loss and 
moderate excitation requirements. 


In a hysteresis clutch the ampere-turn drop in the 
ring should be calculated as carefully as possible because 
it is usually of the same order of magnitude as the drop 
across the radial air-gap. The maximum flux density in 
the ring is calculated using the following equation: 


(10) 


where the symbols used have already been defined. Using 
the value of B,maz from equation (10) to enter the effec- 
tive magnetization curve would give the effective field 
strength. There are as many parallel magnetic circuits 
through the ring in going from one set of poles to the 
other set as there are poles on the clutch. The magnetic 
length of each path is found from 

7 X mean diameter of ring (il) 

5 : 

Multiplying the effective field strength in the ring by 
/, gives the ring ampere-turn drop which must be sup- 
plied by the exciting coil. 


l, 


The magnetic skeleton of a hysteresis clutch with finger- 
pole construction is shown in Fig. 20. It is seen that all 
the flux from one set of poles crosses the air-gap twice 
in getting to the other set. The flux density in the air-gap 


Magnetic Circuit Dimensions and Materials 


Path 1-2 

Mean length, 0.636 in. 

Area at top, 1.35 sq in. 

Area at middle, 0.97 sq in. 

Area at bottom, 0.595 sq in. 

Material, Allegheny Ludlum Relay No. 5 steel 


Path 2-3 

Mean length, 0.636 in. 

Mean area, 0.768 sq in. 

Material, Allegheny Ludlum Relay No. 5 steel 


Path 3-4 

Mean length, 0.636 in. 

Area at top, 1.57 sq in. 

Area at middle, 1.13 sq in. 

Area at bottom, 0.693 sq in. 

Material, Allegheny Ludlum Relay No. 5 steel 


Pole Shoe Path 

Mean length, 0.8 in. for complete path 

Mean area per pole shoe 0.0842 sq in. 

Mean area for 18 poles in parallel=18 x 0.0842—1.52 
sq in. 


Main Air-Gap 
Length of path, 0.010 in. for two gaps in series 
Area of gap per pole, 0.136 sq in. 


Hysteresis Ring 

Mean path length in ring between pole centers, 0.244 
in. 

Area of the flux path in the ring, 0.217 sq in. 

Volume of the ring, 7 x 2.80 x 0.0385 x 0.562=0.19 cu 
in. 
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under the pole shoe at the point where the magnetic axis 

of the resultant field occurs may be estimated from equa- 

tion (12). below: 

oP (12) 
B 0.657D,1 

where 

B flux density, kilolines per sq in 

@ flux per pole, kilolines 

DD diameter at the center of the radial air-gap, in 

/ axial length of the hysteresis ring, in. 

The total number of ampere-turns required by the radial 
air-gap path may be found from 

F 6260B,6 (13) 
where 

I air-gap magnetiomotive force, ampere-turns 

b air-gap flux density, kilolines per sq in. at the magnetic 

axis of the resultant field 

length of single radial gap, in 
In general. any magnetic air-gap which exists at the junc- 
tion between right and left-hand pole assemblies will be 
negligible when the fastening screws are tightened in 
place. 

The ratio of pole arc to pole pitch in a hysteresis clutch 
is generally made about 0.65 in order that the leakage 
flux from pole to pole will not be excessive. Ordinarily 
the flux density in the pole shoes is sufficiently low that 
the ampere-turn drop therein is negligibly small. This 
is fortunate because the area and mean length of the 
flux path in the pole shoes can only be estimated from 


a scale layout similar to that shown in Fig. 21. The flux 
density in the pole shoes should be based on a flux pet 
pole which is approximately 15 per cent higher than the 
flux crossing the air-gap in order to allow for leakage 
between poles. This leakage may be calculated using field 
mapping techniques. but there is seldom sufficient justi- 
fication for such effort. 

In Fig. 21. for example. the flux carried by paths 1-2. 
2-3 and 3-4 may be considered to be about 15 per cent 
higher than the air-gap flux per pole times the number of 


pairs of poles. For a path such as 2-3 the magnetic sec- 
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. 22—Right- and left-hand pole assemblies of cluch, 18 poles 
assembly each 0.150 in. wide. 


Table Il—Tabulated Magnetization Curve and Torque Calculations for Illustrative Clutch 


0.5 1.0 
oP /2 9) 18.0 
1.15¢P/2 10.4 20.7 
Bu-:/Hus 7.65/.6 15.3/.83 
Bun 2 Ayi-2 10.7/.75 21 -4/.91 
By -2/H-2 34.8/1.16 
Ay 2041 0.94 
Fi .2 . 
B,.; Hy; 

F:.; 

Bis [Assn 
Byys-s Ays-4n / 
Bi3-4/Hvs-s 29.7/1.01 
Hi3-s051 . 0.9 

di a 
| ae 


z 


0.58 
13.6/.81 


z 


Bra x 
Hee ss 


Fie 
=F 


current, ma 


Aemax 


Tor in 


coil turns = 3000 T;, = 111HoinaxPOR = 11.3PVW,, 
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Flux in kilolines per pole 


2.0 
36 
41.3 
30.7/1.1 
42.7/1.37 
69.5/2.78 


1.56 





Design and 
Application of 
HYSTERESIS CLUTCHES 


(Continued) 


tion may be found from 


lig eae. 

where 

1.3 = magnetic cross-section, sq in. 

D diameter of the mean magnetic path, in 

W2.s thickness of section 2-3, in. 
The flux density in section 2-3 is found by dividing the 
flux in that part by A,-s. The field strength is then found 
from a magnetization curve for the material used and 
is multiplied by the mean length of path to give the am- 
pere-turns required. 




















Fig. 23—Comparison of calculated and experimental curves 


relating pure hysteresis torque and excitation current. 


used in illustrative clutch design. 


For the paths 1-2 and 3-4 the magnetic section varies 
with the distance the flux is from the center of rotation. 
In order to take into account the variation in flux density 
and field strength which occurs in these paths, the aver- 
age field strength over the path being considered must 
be found. This figure may be approximated by using 
Simpson’s Rule based on three ordinates, but it is first 
necessary to calculate the flux-carrying area at the top, 
middle and bottom of the path. The flux densities and 
field strengths at these points are then determined and the 
following equation applied: 


H, + 4H, + Ms (15) 


6 


Hy =——— 


where 

Huss effective field strength over the entire path length 

H field strength at the top of the section 

He field strength at the mid section 

H, field strength at the bottom of the section. 
The effective field strength for the section of varying 
area multiplied by the mean length of the section in 
inches gives the number of ampere-turns required for the 
path. 

Referring again to Fig. 21, the total ampere-turns which 
must be supplied by the exciting coil of the clutch may 
be found as follows: 


SF = Fy + Fring + Fpotes + Fi-e + Fos + Fs-4 (16) 

Tabulated calculations for five points on the magnetiza- 
tion and torque-excitation curves of the clutch in Figs. 
20, 21 and 22 are given in Table II. Data previously given 
for Relay No. 5 steel and Simonds 81 cobalt steel were 
used in performing these calculations. The calculated 
magnetization curve for this clutch is given in Fig. 16. 
In Fig. 23 the torque-excitation curve which was cal- 
culated is compared with a tested curve obtained for the 
same clutch. 

The flux densities in the return magnetic circuit com- 
prising the poles and paths 1-2, 2-3 and 3-4 in series 
should not ordinarily be made more than about 80 kilo- 
line per sq in. Sometimes, however, these parts must be 
underloaded magnetically because of mechanical con- 
siderations affecting the overall design. 

Coil Design. The basis for designing the coil of a 
hysteresis clutch is equation (5), which when solved for 
K,, gives the ohms per 1000 ft resistance of the wire size 
to be used for a given excitation voltage, ampere-turns 
and coil size. If the cross-section area of the winding 
space is known, it may be assumed that 30 per cent of 
this space is actually occupied by solid copper and the 
remainder by insulating varnish and air space. If the 
copper area of the wire size used is divided into the total 
bare copper area available, the number of turns will be 
determined. The resistance of the coil is next found from 
equation (3). By dividing the number of turns into the 
ampere-turns, the coil current at the desired operating 
point is found. 

When the output member of a hysteresis clutch slips, 
the heat generated in the hysteresis ring tends to heat the 
coil. The coil also generates heat arising from its own 
copper losses. Both of these losses are readily calculated, 
the first from equation (1) and the second simply as 
I’.R,. Knowing these losses and the speed of the member 
carrying the coil, the temperature rise of the coil by re- 
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sistance change may be estimated for sea level operation 
by means of the following empirical equation: 


> os (, pend 1.20 ) 


100 e—1-3W/A 
750 + 11/P, 


030) 1 |(7) 


where 

T temperature rise in deg C determined from resistance 
change 
peripheral speed in thousands of fpm at the outside 
diameter of the pole assemblies 
watts loss in the ring per sq in. of surface facing the 
air gap 
watts loss in the coil at the estimated operating tem- 
perature 
surface area of the coil in sq in., calculated as mean 
length of turn times perimeter of a section taken 
through the coil 


e 2.718, the base of natural logarithms 


For operation at zero slip, P, becomes zero and equation 
(17) reduces to 


r so) + 0.4e 1.20) (, 8+.e 0.30) y { (18) 


In order to illustrate the method of predicting coil 
heating an example will be considered based on the clutch 
for which a magnetization curve and torque-excitation 
curve have already been calculated. A cross-section view 
of the coil used in this clutch is shown in Fig. 24. The 
following data are known: 

Rotational speed of the output member containing the 

hysteresis ring 1000 rpm 
Motor speed 10,000 rpm 
Turns per coil = 3000 
Wire size No. 34 AWG 
Load torque 20 oz-in. 
Coil current at 20 oz-in. 10.5 ma from Fig. 1] 

From Fig. 24, the coil mean length of turn is found to be 


‘ (= at) 


The resistance of the coil, making a preliminary assump- 
tion of an operating temperature of LOO C, is found from 
equation (3) to be 


3000 


R 12.000 170 ohms at 100 C 


The power lost in the 


P 0.04105°(470) 


¢ 


Altitude housand ‘ 


g. 25—Variation of air density with altitude above sea level. 
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ete SE 
Fig. 26—Variation of air temperature with altitude above sea 
level. 


Calculation of the coil area in accordance with the defini- 


tion previously given results in 


{ DJ. é x 2(5.62 


Dividing the coil power by the coil area gives 


11.8 sq in 


W/A 0.77/11.8 


0.0652 watts per sq. in. 

The peripheral speed at the pole face is found from the 
rotational speed of the input member and its outside 
diameter. 


,- 


v 2.76 X az 10,000 /12 7.240 fpm 
Equation (1) gives the power loss in the ring material 
as follows: 


P, 0.00074 20 (10,000-4000) 


89 watts 
From the ring dimensions given in Fig. 21, P, is found 
to be 
89 
Pp ar 


=,9 
eM 2.46 XK V.0028 


18.2 watts per sq in 


lhe predicted temperature rise of the coil from equation 


7.24 | 2 


1 x4 ¢ 
\t zero slip the temperature rise would have been only a 
bit over 6 C because of the low number of watts per 
square inch in the coil. This clutch. however. was de- 
signed to slip by as much as 9900 rpm with respect to 
the input member and was meant to be used for aircraft 
service. 

lhe calculated 34 C temperature rise is for sea level 
conditions. For altitude applic ations, the coil and clutch 


supporting cup temperatures will be greater for 


a given 
set of conditions than they are at sea level. This is because 


of the reduction in air density with altitude. Fig. 25. Be- 
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(Left) Instrumentation, such as strain- 
gage testing, is frequently plagued by 
electrical noise interference generated 
by slip rings. Shown here is measure- 
ment of shaft speed of partially dis- 
assembled slip ring assembly. In flight 
testing of propellers, this device would 
be mounted in front of prop. 


(Right) Conventional commutator 
brush and the new molybdenum fiber 
brush. Latter provides better contact. 


(Far right) Close up of molybdenum 
fiber brush. 


INTERFERENCE OR ELECTRICAL NOISE generated by slip 
rings has been a serious problem in the past when the 
electrical signal is small. At times the noise is of sufficient 
intensity to mask the signal, particularly in strain gage 
instrumentation. 

Armour Research Foundation of the Illinois Institute 
of Technology has found that brushes made from metal 
fiber are a considerable improvement over conventional 
brushes as they materially reduce the generated electrical 
noise. The Propeller Laboratory of W right Air Develop- 
ment Center had noise interference difficulties in strain 
gage testing of propellers for big turbo-prop engines 
planned for supersonic speeds. As a_ result of its 
support, the Foundation has developed a brush, slip ring 
combination to correct this problem. 

Only meagre background information was available 
about the performance of slip rings at high surface 
speeds up to 30.000 fpm. It was assumed that the main 
causes of noise from brushes resulted from = contact 
potential. thermal voltages. and surface films. This was 
found to be an oversimplification of the problem because 
of the amount of noise revealed in laboratory tests. 

Tests showed that at ring surface speeds less than 
9000 surface fpm noise depended on the current. At 
some speeds above 5000 surface fpm, the noise increased 
several fold and was found to depend on the open-circuit 
voltage. The noise increase was so significant that at high 
speeds the rms noise value could reach one-half the 
applied d-c voltage. 

Brush and spring configuration was found to be an 
important cause of noise above a certain critical speed. 
Careful study of the behavior of brushes during engage- 
ment showed that considerable minute bouncing occurred. 
This bouncing phenomenon resulted in breaks in electrical 
contact with the slip ring. Investigation showed that the 
height of flat-top pulses correlated exactly with open- 
circuit d-c voltage. Here was an explanation of why 
noise reached a maximum at a certain speed: for this 
rms maximum should occur at the point where the brush 


ELECTRICAL MANUFACTURING 





makes contact only half the time. At still higher speeds. 
the brush makes less contact and the rms noise value 
was found to decrease. 

\ solid brush was not the answer to the problem. No 
matter how carefully the brush and ring surfaces were 
prepared, minute imperfections were sufficient to cause 
momentary loss in electrical contact. An increase in the 
brush pressure merely increased the bounce frequency. 
Even if an ideal surface could be provided in the 
assembly at the start, metal wear would alter this surface 
during use and would roughen it to some extent. This 
condition required a material that in some manner main- 
tained contact at all times although part of the brush 
surface was occasionally breaking contact. The brush 
should be metallurgically compatible with the ring to 
avoid the development of undesirable surface roughness 
or nonconductive films. Ideally. there should be no 
solubility of the brush material in the ring metal under 
any conditions. Sufficient stiffness should be present so 
that the material retains resiliency at high operating speed 
conditions. 

Ordinary steel wool actually performed well as a 
brush material. It had limitations of rapid wear, but 
the noise characteristics were low. electrical conductivity 
was satisfactory, and, more important. no bouncing 
occurred. The fibrous structure provided some electrical 
contact at all times because not all the fibers were dis- 
turbed at any one time by minute ring surface imper- 
fections. Steel wool could run for several hours at a ring 
speed of 30,000 surface fpm with noise values less than 
2 millivolts. Steel fiber had limitations of softening tem- 
perature, hardness and persistence of its oxide, and 
ability to alloy with the metal ring used. A better wearing 
couple was required to insure useful life. 

Molybdenum fiber running on a silver-plated ring was 
the final solution to the material problem. Silver and 
molybdenum do not alloy; they have unstable oxides: 
and they have fairly good electrical conductivity. Molyb- 
denum also is a refractory metal that retains stiffness 
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at elevated temperatures. Brushes made from. steel. 
nickel. and tungsten were discarded because of high 
friction characteristics against a variety of trial ring 
materials. Experimental rings were made of steel. brass, 
coin silver, fine silver. chromium plate. and rhodium 
plate. A silver fiber brush run against a fine silver ring 
showed the lowest noise at low speeds but was of little 
value when tested at high speeds or in simulated high 
altitude conditions. Without the normal protective sur- 
face films formed in air. welds formed between the silver 
brush and ring resulted in the destruction of the brush. 
Molybdenum and silver. however. have very little affinity 
for each other under any conditions so that high-altitude 
flight conditions had no effect on the performance of 
this wear combination. 

These surface films are important to the friction 
stability of materials. Graphite brushes disintegrate 
rapidly in high-altitude aircraft if a hygroscopic agent 
is not added to the brush. The optimum brush and ring 
combination should be sufficiently compatible in friction 
so that surface films are not necessary for successful 
operation. Molybdenum against fine silver answered this 
requirement because of a low friction coefficient. no 
tendency to alloy with silver and non-abrasive and non- 
adherent soft oxides. 

The molybdenum fiber was cut from commercial wire 
drawing stock of 0.0035 in. diameter. The experimental 
brushes were 14 x 14 x 1 in. and were spring-loaded to 
5 psi in the conventional manner. The fibers, because 
of their length. tended to be oriented lengthwise in the 
brush. Brushes of an apparent density of 35 per cent 
were found to perform best. 

Although solid graphite brushes were not usable afte1 
10.000 fpm. the molybdenum brushes showed no rapid 
wear or overheating when operated at speeds up to 
30.000 fpm. Noise was about 100 microvolts for the 
new brush material. increasing with current in some 
instances. Life of the brushes was about 100 hr at the 
maximum speeds. 
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Control equipment package for the Weditrol numerical control 


system developed initially for the contouring lathe of Fig. 2. System can be 
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The Weditrol numerical control system uses electronic pulse tech- 


niques for continuous control of two or more machine axes through 


digital electrohydraulic servos with both rate and position feedback. 


Tach-generator coordinates feed rates with spindle speeds. 


A. WANG and G. Y. CHI 
Wanc Laporarories, Ine 
Cambridge 41, Mass 


HE WEDITROL SYSTEM is a new numerical control system 
developed primarily for contouring machines, such as a 
lathe or a milling machine. As the system has been de- 
veloped initially for controlling a lathe, the operating 


130 


and design principles will be described mainly for that 
application. Figure 1 shows the assembled Weditrol con- 
trol package, Fig. 2 sketches the basic system applied to 
i lathe, and Fig. 3 the operation of the basic system. 
General Operation. Starting from a work drawing 
of the piece to be machined, the programming personnel 
prepare the instructions regarding cutting dimensions, 
directions, feed rates, selection of appropriate tools, ete. 
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Fig. 3—Functional block diagram of Weditrol system. Shift 
register, thyratrons and relays serve as storage for coded in- 
structions read from punched tape program. Feed rate pulse 
generator acts as “electronic gear box” to direct the two closed- 
loop digital servos. 


in coded form on a perforated tape. The tape is then fed 
into a high speed tape reader, where a group of com- 
mands will be read off, registered in a magnetic shift 
register, and then immediately transferred to a set of 
thyratrons and relays to: 


1. Direct the operation of a feed rate pulse generator 
which generates appropriate numbers of electrical 
impulses for longitudinal and cross feeds and 

2. Provide other miscellaneous control functions essen- 
tial for the operation of the machine. 


Two electrohydraulic digital servo systems are used to 
follow up simultaneously the two channel commands of 
the pulse generator and to drive the two slides of the 
tool carriage. As the pulse generator generates electrical 
impulses with uniform rates and exact numbers corres- 
ponding to the desired feed rates and the feed distances 
along the longitudinal and the cross axis under each 
command, the resultant cutting path will be straight line 
with a prescribed slope. Curved contours will be approxi- 
mated by a series of straight lines with varying slopes. 

A tachometer generator, mechanically coupled to the 
lathe spindle, Fig. 2. is used to provide electrical signals 
for the feed rate pulse generator: thus the feed rates 
are always proportional to the spindle speeds, except dur- 
ing rapid traverse. 


An independent oscillator is also provided in the sys- 
tem to supply a constant frequency signal for rapid 
traverse during the return or quick approach of the cut- 
ting tool. This rapid traverse will therefore be independent 
of the spindle speed. The maximum rapid traverse is 
about 120 in. 


per min. In addition, an automatic slow 
approach is designed into the pulse generator such that 
during a cutting stroke, the tool will automatically slow 
down when it approaches the end of each cutting com- 
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mand. This feature is desirable when no overcut is al- 
lowed under high feed rates due to possible overshoot of 
the two servo systems. 

The system is designed with three modes of operation 

-full automatic, semi-automatic and manual. The two 
automatic modes both use tape control. With semi-auto- 
matic operation, each tape command is initiated by a 
pushbutton control. With full automatic control, each new 
command will be automatically indexed. Manual opera- 
tion is provided in order to make the system more flexible. 
In this case, hand-set dial switches are used. 

Programming and Control. The Weditrol system 
can be incorporated with either tape or card programmed 
command input. In the case of tape control, it is possible 
to use a series or parallel reader. The system described 
uses the series-read clutch-controlled type with a speed 
of 60-characters per second. The tape is l-in. standard. 
The reader is equipped with eight sensing pins in a row 
and eight pairs of electrical contacts mechanically coupled 
to the former to provide eight channels of coded signals. 
In addition, a pair of master contacts are provided for 
feedback control signals during advance of the tape. The 
tape feed and read controls are electrically initiated, but 
are mechanically actuated and interlocked. 

Figure 4 is a simplified block diagram of the input 
section illustrating the control of the tape reader, the 
storage and transferring of command data, and the con- 
trol of the feed rate pulse generator in a self-programmed 
mode of operation. The reader is turned off by sensing an 
index hole perforated on the tape for every group of 
commands. The reader will be turned on again by a signal 
initated by the readout control circuit of the shift reg- 
ister, which essentially signals that the latter is cleared 
and is available for a new group of command data. 

Two data storage units are provided in the system to 
speed up the overall operation, especially during the 
cutting of complicated contours where a series of short 
commands will be encountered. One is the magnetic core 
shift register (Fig. 5) and the other is the thyratron-relay 
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combination illustrated in Fig. 4. The magnetic core shift 
register accepts the coded command serially from the 
reader and then transfers it in parallel to the thyratron 
relays which serve as control or selector switches for the 
feed rate pulse generator and other miscellaneous func- 


tions. 


Feed Rate Pulse Generator. The use of the feed 


rate pulse generator in this new numerically controlled 
machine is a unique feature in the Weditrol system. 
Functionally, it is the heart of the whole system. 

The primary purpose of the pulse generator is to pro- 
vide multiple channel pulse outputs with controlled pulse 
rates and numbers corresponding to preset values as 
directed by the thyratron-relays. The fundamental signal 
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< + 
Fig. 4—Simplified block diagram of input storage. Tape data 
is fed serially into shift register, then transferred in parallel to 


thyratron and relay storage. 























Fig. 5 -Printed-circuit wiring diagram 


for 6-bit magnetic core shift register. 


<a 
Fig. 6—Simplified block diagram of the feed rate pulse genera- 
tor that generates pulse trains of frequency corresponding to 
desired feed rate of each motion, and number corresponding 
to desired change of position along each axis. 
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Fig. 7—Cireuitry for two 
shapers utilizing one dial 


pulse 
triode. 


for the feed rate control is taken from the tachometer 
generator or the rapid traverse oscillator and is a sinu- 
soidal wave form as shown in Fig. 6. Before it can be 
used by the frequency scaler directly for feed rate con- 
trol. it has to be shaped by a pulse shaper (Fig. 7) to 
the required amplitude and shape, called pulse FD as 
shown in Fig. 8. 
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The first frequency scaler in the feed rate pulse gen- 
erator consists of five binary stages to scale down pulse 
train FD into five pulse trains (A, B, C, D and E) of 
basic rates as shown in the same figure. 

By either using the negative impulses of one of the 
five pulse trains or summing any two, three, four or all 
of the negative impulses of the five pulse trains, 31 types 
of pulse trains (i.e. 31 pulse rates) may be obtained. 
For example, calling the negative portion of the five 
1’, B', C’, D’, and E’ (Fig. 8) 


the following 31 combinations can be obtained: 


pulse trains as pulse trains 


Selections 


» 
Any combination of two LO 
Any combination of three LO 


Any combination of four 5 


All five together | 


Five basic rates 


Total Selections 3] 


The last operations of the selection and the summa- 
tion of pulse trains A’, B’, C’, D’ and E’ are done by the 
so-called pulse multiplier for feed rate control (Fig. 6). 
The choice and pick up of a particular selection is com- 
manded by the tape. 

Similarly, the operation principle will be applied to 
the pulse multiplier for distances X and Y. The only dif- 
ferences are as follows: 

1. Two pulse multipliers are used for two-channel ouput 
instead of one. 

2. More binary scaler stages are necessary in order to 
vive sufficient combinations of pulse rates to meet any 
ratio of feed distances X and Y generally encountered 
for practical application. There are 18 stages of binary 
scalers for distance control in the first Weditrol system 
described. Figure 9 shows four such stages. 

3. In addition. the frequency scaler for the distance 
After all. a fre- 
quency scaler and a binary counter are virtually identical 
electrically. 


control will serve as a binary counter. 


If a tape command, for example. calls for a straight 
sloping cut corresponding to a feed distance X equal to 
0.125 in. and distance Y equal to 0.010 in.. tape command 
should he coded for 


Distance X 
Distance ) 


625 impulses 


50 impulses 


Since the frequency scaler for distance control serves 
also as a binary counter, it will count up to 2'° impulses 
and then immediately shut off gate PG (Fig. 6) so that 
only 1024 impulses feed into the frequency scaler for 
the distance control. Simultaneously, the pulse multiplier 
for distance X has a selection of the pulse train pattern 
as follows: 
1’ D’+ EF’ + F’ 
(512 + 64 + 32 + 16 


And the pulse multiplier for distance Y has a selection 
of pulse train patterns as follows: 


P+Fe+TI 


(32 = lee 2 50) 


(Assuming we extend the use of notation of A, B.C... 
for the 18 basic pulse trains). 


The slow approach control circuit is essentially an 
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electronic switch which can be activated or disabled by 
an additional bit on the tape command to serve to switch 
the digital servo commands to a low feed rate pulse train 
as soon as a preset distance from the final point is reached. 

[his feed rate pulse generator is thus a general pur- 
pose device. Through the addition of another pulse mul- 
tiplier, it can be provided with a third channel with co- 
ordinated pulse train output. Such a pulse generator will 
be suitable for the control of three-dimensional contour- 
ing such as for a milling machine. 

Digital Servo Systems. Each digital servo system 
of the two-axis drive is a closed-loop digital-analog feed- 
back controlled system which consists essentially of a 
reversible counter, a digital-analoe converter, a servo 


actuator, a shaft-position digital coder device, a pulse 
synchronizer and a rate feedback circuit for stabilization. 


(he reversible counter serves as a comparator for the 


digital servo system. It provides two channels of inputs 


and one channel of outputs. The inputs accept both add 
impulses and subtract impulses from the feed rate pulse 
generator and the feedback impulses from the shaft posi- 
tion coder device which is coupled to the leadscrew of the 
tool carriage slide. Thus the net number of impulses re- 
ceived by the reversible counter is the difference of elec- 
trical impulses of the command and the feedback. This 
difference represents the positional error of the servo 
system. The digital-to-analog converter converts the posi- 





tional error in positive or negative number of impulses to 
a voltage with proper polarity which in turn drives the 
servo motor through associated servo amplifiers and hy- 
draulic servo valve. A simplified block diagram of the 
two digital servo systems has been shown as part of Fig. 3. 

Shaft Position Coder Devices. [hie shaft position 
coder devices serve as digitizing means to provide feed- 
back impulses corresponding to the increments or decre- 
ments of the leadscrew shaft positions of the tool car- 
riage slides. Thev are constructed with two. circular 
printed circuit boards spaced close to each other, one 
stationary and one coupled to the moving shaft. When 
a carrier frequency signal is flowing in the circuit of the 
movable plate, the signals representing magnitudes and 
phase relations, as picked up by the two concentric cir- 
cuits on the stationary plates, will depend upon the rela- 
tive position of one disk to the other. By manipulation 
of these picked-up signals, it is possible to generate an 
electrical impulse in one channel for each increment of 
shaft position in one direction and another electrical 
impulse in a second channel for each increment of shaft 
position in the other. Thus the position of the shaft can 
be measured by counting the number of these impulses 
in both directions as is done by the reversible counter. 
The coder device will resolve each revolution into 1000 
increments. Through lead screw arrangement, the linear 
distance increment along the two axis of the tool carriage 




















Fig. 8 


Five basic pulse trains from first frequency sealer and one of 31 different combination feed rate pulse trains available. 


Pulse trains are added by closing selected relay contacts in pulse multiplier to combine frequency scaler outputs through recti- 


fier OR gates. 
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From 
proceding 





frequency 
scoler 





is 0.0002 in. for each angular increment of coder shaft 
position. 

Pulse Synchronizer. In digital feedback system some 
kind of synchronizing device is generally necessary. The 
device will essentially regulate the arrival of the feed- 
back impulses so that they will not conflict with the ar- 
rival of the command impulses. This is done by a flip-flop 
circuit as a temporary storage device for the feedback 
impulses and a high frequency index pulse train for read- 
out-impulses, as shown in Figs. 3, 6 and 10. Thus the pulse 
synchronizer will take in feedback impulses at any time, 
delay it for a short time and deliver it at a proper time 
to the reversible counter. 

Machine Reference. References for the Weditrol 
system are established at an index point (which is gen- 
erally point) of predetermined distance 
axially and longitudinally attached to the lathe or to the 
work piece. The system can be zeroed in at this index 
point by re-setting the two reversible counters as the 


the starting 


carriage arrives or passes through this point. This zero- 
ing signal can be visual (manual), electrical contact type 
or magnetic pick-up coil type. In the normal programming 
on the tape, the tool should return to this index point at 
the end of each operation cycle. 

In case of power or component failure, safety devices 
are provided to stop the hydraulic motor by relieving 
hydraulic pressure. The tool must be returned to the 
original index point to restart the operation cycle after 
power has been recovered. because the system is based 
upon incremental quantities. 

Design Considerations. Lse of binary code for the 
entire Weditrol system results in an extremely simple 
overall system. The conversion of decimal dimensions 
to binary code is done on an auxiliary translator asso- 
ciated with tape preparation. It is entirely possible to 
incorporate the translator into the system to further 
simplify tape preparation. 

Basic building block circuits of the system are assem- 
bled individually or in groups on plug-in type printed 
circuit boards. Between 20 to 40 such boards are assem- 
bled on a standard relay rack chassis as shown in Fig. 1. 

Total number of vacuum tubes (primarily dual triodes 
and dual control grid tubes) is about 200 with an addi- 
tional 70 miniature thyratrons. Magnetic core elements 
are used freely throughout the system in particular for 
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Circuitry for a 4-stage 
sub-unit of an 18-stage frequency 
scaler used to count the number 
of pulses corresponding to de- 
sired X or Y axis movement, 
and to initiate slow approach. 


Fig. 10 
feedback impulses to avoid conflict with command pulses in 
reversible counter. 


Pulse synchronization using index impulses to gate 


Major Components of the Weditrol System 


Tape reader—Type FR-351L Soroban Engineering, Inc. 


Melbourne, Florida 


Shift register 
Frequency scaler 
Pulse multiplier 
Reversible counter 
Digital-analog conver: 
Pulse synchronizer 


Wang laboratories, Inc. 


draulic servo valve and moto ickers, ore 
Hydraulic se alve and tor Vickers, Incorporated 


Detroit, Michigan 


Magnetic reading head 
shaft position coder 


Type 15A Telecomputing Corp. 
North Hollywood, California 


Hewlett-Packard Company 
Palo-Alto, California 


Tachometer generator 
Type HD-508D 


the shift registers. the frequency scalers, the reversible 
counters and various pulse shapers. Figures 5, 7, 9 show 
some of the basic circuits used in the system. Major com- 
ponents are listed in the table. 

At present. the system described seems to approach the 
limit of simplicity, yet it is versatile enough to be ap- 
plicable to many contouring machine tools. Replacing the 
vacuum tubes and relay devices with semi-conductors and 


magnetic cores is a future design consideration for in- 


~ 


creased reliability. 





New Procedure for Designing 
Linear and Swinging Chokes 


Presented here is a simple. widely usable IN THI DESIGN O! AIR-GAP CHOKES carrying both direct 
and alternating current. C. R. Hanna’s curves*. although 
procedure which can save appreciable widely used by transformer engineers. are of somewhat 
; ; ry eit limited value in several respects: 
time in the design of linear and swinging a 
chokes. Tables and curves. verified by mon silicon steels. The engineer must therefore seek a 
: : x. ; different design method when the use of other core mate- 
use in a design organization. are illus- a tas cies eae: 
trated with examples to permit the pro- 2. They are usually available only for values of flux 
density between 10 and 1000 gauss. This is an undesirable 
cedure s direct use by the engineer. restriction when a high volt-per-turn ratio results in a 
density in excess of LOOO, 
3. They do not permit the design of swinging chokes 
with predictable swings. 

\ simple and more broadly utilizable design procedure 

IRVING RICHARDSON. Chief Enigineer is therefore desirable. Presented here is such a procedure 
Transformer Division with tables which give sufficient information to enable the 
N. J. E. Corvoration designer to completely specify a linear or swinging choke 
Kenilworth, New Jersey ; . ; 

in minimum time. 

General Theory. The inductance of an iron-core 
choke carrying d-c and having an air gap may be ex- 


pressed in the form: 


Magnetic Conversion Factors BNO N® Acuey VO 
Flux Density (B) L l 


fo convert lines per square inch to gauss, 
where 


. - i inductance in henrys 
multiply by 0.155. | \ 
\ 


number of turns 
Magnetic Intensity (H) net cross section of the core in square inches 
fo convert ampere-turns per inch to. oer- gross area times stacking factor) 

steds, multiply by 0.495. | effective permeability of core and air gap com- 
fo convert ampere-turns per centimeter to bined — : Aen: 

oersteds, multiply by 1.257 l length of magnetic path of core in inches 


é daw 
lo convert ampere-turns per centimeter to The inductance may also be expressed by: 


3.19 N? A. 10°% 


ampere-turns per inch, multiply by 2.54. 
One oersted is equivalent to one gilbert per ; j j 
centimeter cas rhe 
where | length of air gap in inches 


Magnetomotive Foree (7) uw, = incremental permeability of the core 


fo convert ampere-turns to gilberts, mul- 
tiply by 1.257. By equating (1) and (2), u,-;, may be determined as 
Permeability follows: 
In egs units, in air, «1 and H=B. I wy 


In English units, in air, H—0.313B. / 
oKhA 


ind Transformers which Carr Dire« 


AIEE, Vol. 46, February 1927, p. 128 
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Fig. 1—Ineremental permeability (44) at 60 eps for El laminations of 29-page. grain-oriented silicon steel ( AIST M7). 


Equation (3) may be rearranged to obtain an expression 
for 1, which is also very often useful. 


(1) 


lu u\ 
= 


Values of #, are obtainable for the various grades of 
steel from steel and lamination suppliers. Figure 1 shows 
the family of curves for incremental permeability at 60 
cycles for 29-2 ace. erain-oriented silicon steel (AISI 
M7). To use the curves in Fig. 1 it is necessary to know 
B,,.. the a-c flux density. and H,, the d-c magnetic in- 
tensity for the core. The flux density may be determined 


fer cores with or without gaps from: 


3.19 by. 10 
fA. N gauss 
frequency 


excitation voltage 
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The magnetic intensity for constructions without gaps 


mav be found from: 
Il j oersted 
where / 


In a choke with an ait vap. the d-c magnetomotive force 


direct current in amperes 


is expended in both the core and the gap in accordance 


with the relation: 
7 i] i (7) 


where H, is the magnetic intensity for the gap. Since the 


permeability of air is 1. 6, is equal to H,: and equation 


(7) may be written 

} Hl B vilberts (8) 
In English units B, must be multiplied by 0.313 and 
equation (3) becomes 


J Hel. +0313 B 


ampere-turns 





The magnetomotive force may also be computed from 


: 1.257 NI 
VJac ampere-turns (9a) 


gilberts (9) 


Assume a construction for which the number of turns. 
the direct current. the a-c flux density, the length of ai 
gap, and the length of the magnetic circuit in the iron 
are known, and the inductance is unknown. If the mag- 
netomotive force is evaluated in equation (9) and sub- 
stituted in (8). the latter is left with two unknowns, H 
and B,. The d-c magnetization curve for the core mate- 
rial used also relates H, and B, since the flux in the ain 
gap equals the flux in the steel if the effects of leakage, 
though not necessarily of fringing, are neglected. Since 
the d-c magnetization curve constitutes a graphical equa- 
tion that is simultaneous with equation (8), the evalua- 
tion of the two unknowns is possible. 

The d-c magnetization curve for 29-gage oriented 
silicon steel (AISI M7) is given in Fig. 2. It is to be par- 
ticularly noted that the axes of this curve are linear. The 
logarithmic scale by which magnetization curves are 
usually presented is useless for a graphical solution. Note 
also that English units are used. See box for conversion 
factors. 

The graphical solution of the two simultaneous equa- 
tions is easily accomplished. If we let H,l 


0, equation 
(8a) becomes 


0.313 B, 1 0.313 B, l, (10) 
and 


b 03131 lines per sq in (11) 
where 6, signifies the point of intersection of equation 
(8a) with the ¥ axis in Fig. 2. Similarly. for the condition 
that B,l 0. we obtain 


(12) 
and 


H - ampere-turns per in (13) 


where H is the 
with the X axis. 


Lb, and H, are 


a straight line is drawn between them. The point of inter- 


point of intersection of equation (8) 
now located on their respective axes and 


section of this line with the magnetization curve is the 


solution of equation (6), and the Y coordinate of this 
point is H.. Havine determined H, we may now find pa 
from the incremental permeability curve in Fig. 1. Know- 


ing we may evaluate and hence L. 


(n alternate approach to the solution of equation (8a) 
is often advantageous where H, is fixed at some arbitrary 
value but / 


is unknown. The first step in this approach 
is to equate (8a) and (9a) 


VJ H, l. + 0.313 B 


V/ i] ; 
033 8B in (114) 


and solve for l ° 


Using a value of intensity of 1 oersted or 2.02 ampere- 
a value of 100 kilolines per sq in. for B 
may be obtained from Fig. 2. Equation (14) then becomes 


3.2 (NI 


turns per In.. 


2.02 1.)10-° in (15) 
Table I provides formulas for the rapid calculation of air 
gap in inches for various values of magnetic intensity in 
29-eave oriented silicon steel (AISI M7). 

The foregoing discussion is applicable to all iron-core, 


oersteds tor 


1ir-gap chokes regardless of the excitation frequency. In 


the balance of this article consideration will be limited 
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to chokes operating at 120 cycles. When other frequencies 
are specified, appropriate data on incremental permeabil- 
ity for such frequencies must be obtained. As frequency 
increases, incremental permeability decreases. Table II is 
a rough guide to this variation. It gives the approximate 
ratio of wa at various frequencies to the value ot pa ac 
60 cycles at the same flux density. 

The Air Gap. In the final determination of the air 
vap, consideration must be given to the effect of leakage 
and fringing fluxes. These fluxes are a function of the gap 
dimensions, the shape of the pole faces and the shape, 
size and location of the winding. Their net effect is to 
shorten the air gap. 

Computation of these fluxes or of their effect on the 
reactor is lengthy and inconclusive. It is therefore more 
practical to make a final determination of the actual gap 
length on the test bench. Where J, is computed at about 
0,003 in. or less, the irregularities of the pole faces will 
compensate for the fringing flux. However, for larger 
values of /,, the actual gap required to obtain the com- 
puted inductance will average about 150 per cent of the 
computed fap or more where | approaches or exceeds 
Lg in. 

For practical reasons the air gap is actually composed 
of sheets of paper or other insulation which make up 
a separator of the desired thickness. The separator is 
stretched across the pole faces between the sections of 
the lamination stack. Since a separator enters the mag- 
netic circuit twice, its thickness should be half what is 
required. Thus, if 1, = 0.050 in., the thickness of the 
separator for the initial testing of the choke should be 
0.0375 in.. allowing the factor of 150 per cent for fring- 
ing and leakage fluxes. 

Although twice the actual thickness of the separator 


Table |—Formulas for Air Gap Lengths 
for Various Magnetic Intensities 


H.,, oersteds o5 oe. 


51 (NI-1.01 1.)10-5 
1.0 2 (NI-2.02 1.)10- 
2.0 07 (NI-4.04 1.)10-5 


0.5 3. 
3. 
3. 
5.0 2.94 (NI-10.1 1.)10- 
2. 
2. 
me 
2. 


10 84 (NI-20.2 1.)10- 
20 73 (NI-40.4 1.)10- 
30 66 (NI-60.6 .)10-" 
40 63 (NI-80.8 1.)10-° 


inserted in the magnetic path of the core may be greater 
than the theoretical value for J,, it is to be emphasized 
that the inductance obtainable from the construction will 
be the inductance computed for the theoretical value of J). 

Use of Tables. Tables II] through XI are based on 
the use of EI laminations of AISI M7 steel in square 
stack (gross build equals tongue width). The tables pro- 
vide full design information for approximately 250 chokes 
in a range of values between 835 henrvs at 23 ma d-c to 
900 micro-henrys at 79 amp d-c. These tables also pro- 
vide a starting point for extrapolation in the design of 
other linear and swinging chokes. The tables are com- 
puted on the basis of the following assumptions: 

Wire insulation is plain enamel, single Formvar or 
other insulation of single thickness except that square wire 
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curren? 


2 3 4 
H , ampere turns per inch 


rated d-c 


Fig. 2—D-C magnetization curve for 29-gage, grain-oriented silicon steel (AISI M7). 


Table Il—Per Cent Decrease in Incremen- 
tal Permeability (.,) for Various Fre- 
quencies Over 60 cps 


Frequency, cps Per cent decrease 


180 75 
360 60 
800 50 
2400 40 


Fig. 3—Inductance of choke obtained by adjustment of gap for H.—1 oersted 
at values of direct current less than rated and constant a-e flux density. 


DECEMBER 1957 





is assumed to have double cotton. double glass or other 
double insulation. 

The number of turns per layer is based on a winding 
factor varying from 88 per cent for the finest and heavi- 
OQ» 


est gages to per cent for intermediate gages. 


The following margins have been assumed: 


\\ ire Size No. 


& square and heavier 


( 


square through 15 round 
10-18 AWG 
19-21 AWG 
1 AWG 
7 AWG 
& AWG and lighter 


) 
‘ > 
-— 
> 
) 


) 
)* 


) 
, 
) 
> 
) 


The number of layers is based on a maximum build 
factor of 90 per cent. Thickness of core tube is indicated 
on each table. Coil wrap has been taken in all cases at 
0.025 in. 

It is assumed that square wire will be random wound 
and that layer insulation will be employed in the following 
thickness for round wire: 


AWG Size Thickness. in. 


10-16 
17-19 


2()-2] 


O.OL0 
0.007 
0.005 
22-23 0.003 
24-27 0.002 
8-33 OQ.001L5 


Or DD 
34 and finer 0.00] 


Phe construction indicated permits operation at not 
less than 350 rms working volts for all chokes. If the 
working voltage is to be in excess of this value. addi- 
tional insulation or margins may be needed. resulting 
ina reduction of the number of wire turns and a de- 
crease in inductance. 

The direct current listed in the tables for any given 
wire size will result in a winding temperature rise of 
about 50 to 55 C based on an uncased construction. The 
heating effect of the a-c component of the current is con- 
sidered to be negligible. 

The inductance shown is approximately the maximum 
obtainable for the construction and current indicated. It 
is based on a gap length such that H, is 1 oersted. Ex- 
citation voltage has been taken at !, 9 the number of 
turns for uniformity of a-c flux density and incremental 
permeability. (In instances where fine wire is used. this 
exciting voltage would be in excess of rated working volt- 
age.) Excitation frequency is assumed to be 120 cycles. 

Other data given in the tables include: 

/ length of lamination window, in 
Wi, width of lamination window, in 
(, mean length of magnetic path of the core. in 
A net core area, sq in. (gross area times stacking factor 


mean length of turn of the winding, in 
ke core weight for square stack. Ib 


Cu approximate weight of copper in the winding, Ib 
The formula for air gap determination, in which the 
length of magnetic path of the specific lamination has 
been substituted, is also presented for each table. These 
formulas are based on H 1 oersted. 

Figure 3. which is to be used in conjunction with the 
tables. is a plot of per cent of rated inductance obtained 


for the per cent of rated d-c current applied to the coil. 
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Design Example—Linear Choke 
Assume that it is desired to build a linear choke hav- 
ing the following characteristics: 
19.6 henrys 
110 ma 
300 volts 
120 eveles per sec 
150 ohms (when operating at equilibrium: tempera 


ture under load) 


(a) Determine effective current for temperature rise 


considerations. 
I 300 
2rfl or KX 120 & 19.6 


Jl ! , 0.110 


0.0203 amp 


0.020 0.112 amp 


The effective current for winding temperature rise in 
this example is therefore almost identical with the 
direct current. 

‘ hy) Choose core and coil. Experien e indicates the ( hoi e 
of Table VI for a choke of the specified character- 
istics. The use of 2630 turns of 29 AWG wire vields 
a choke that should meet the resistance requirements. 
For this construction. the table lists a rated d-c cur- 
rent of 0.206. The coil will therefore be operating at 
0.110/0.266 L1L.5 per cent of the rated value. From 

Fig. 3 it is determined that this current will result 

in an inductance 210 per cent of the rated value given 

in Table VI or 2.1 6.7 14.1 henrys. Since in- 
ductance varies with stack build, the original 1-in. 
build should be increased by the ratio of inductance 
desired to inductance obtained so 19.6/14.1 times 

1 in. 1.39 in. A build of 1° in. will be used as 

a starting point. The temperature of the winding will 

be quite small since the effective current of 112 ma 

determined in step (a) is considerably less than the 
rated current of 206 ma. 

Using the formula given in the table. 1, can be cal- 

culated as follows: 


} 


2(V/ 12.1)10°° in 
2(2630 0.110 12.1)10°° in 


0.0089 in 
The a-c flux density may be calculated from equa 
tion (5). 

L190 F th 349 

f A, N 120 * (0.95 

2530 gauss 
Using H Ll oersted and B 
obtained from Fig. l as 2400. 
The effective permeability p.;; can be calculated from 
( AP 

6 X 2100 
6 + (2100 


“= 
» 


/ 0.0089) aa 
Inductance can now be computed from equation (1). 
However, to compensate for the fact that the incre- 
mental permeability curves in Fig. 1 are based on 
60 cycles and this choke is to operate at 120 cycles. 
and also to compensate for possible variation in 
quality of the steel, an empirical correction factor 
is used. The constant of 3.19 in equation (1) is thus 
changed to 2.5 and the equation for L becomes: 


2.5 N?2 Au los 


j 


O30 & (0.95 


19.9 henrys 


Using the ratio of calculated p,;; to that obtained 
from Table VI and the build ratio, the inductance 
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Table Ili—Lamination El 625 


— ee ee” 


Table IV—Lamination El 75 


Turns Number Ohms Turns Number Ohms 
AWG _ perlayer oflayers WN 20 C perlayer oflayers WN 20 C 
198 9700 2940 
178 8000 1930 
158 6480 1240 
5130 780 

4080 


244 61 14890 5435 
220 12310 3540 
195 9950 2285 
169 7940 1445 
151 6500 940 
3380 
2680 
2040 
1670 
1280 


136 5300 617 
120 4200 381 
107 3210 
96 2590 

2 2065 


—n 


ooococo ooooe 
Woon 


1025 
800 
690 
533 


an Aaa aon 


1605 
1320 
1120 
848 
705 


oooo°o 


546 
444 
340 
279 


22 22232 23332 323332 ~ 
aa oa 
322 coo 
ocoooco eon 


nu—- oO 


oooo co-nNw 


a 


3232 33 
Rea PS 
oeewn 
ooooo 


—_— 
ano 
ooo 


0.937 in. Fe 0.378 Ib 0.2123 (AT in | 1128 in Fe sab 

0.312 in Cu 0.091 Ib 3.2 | NIu.7.6) 10° in. 0378 in cu oo Se te ee ties 
1 oersted E N 10 1 oersted - N 10 

3.75 in 7850 gauss 


4.5in auss 
0.37 in Coretube 0.025 in uA 4840 ; 0.533 in Core tube 96 in a — 
3.36 in Wrap 0.025 in 2.55 W (20C . . 


4.18 in Wrap 40W 202 


Table V—Lamination El 87 or El 11 Table Vi—Lamination E! 100 or 


Turns Number Ohms 


Turns Number Ohms 
AWG perlayer oflayers WN 20C 


perlayer oflayers N 20 C 
40 290 72 20840 8880 336 85 28600 13900 
39 261 66 17230 ©5810 : 302 78 23600 9100 
38 232 60 13910 3730 269 71 19100 5850 
37 202 55 11100 ©2360 236 15350 3730 
36 181 9050 1525 211 12450 2400 


a 


35 163 7500 1000 
34 144 5910 626 
33 128 4790 
32 115 3680 
31 101 3030 


190 10250 1570 
168 3 8060 975 
149 6100 586 
133 5050 384 

4130 250 


ecoooo eoooo 
coooo eoooo 


30 89 2400 
29 80 1920 
28 72 1584 
27 64 1216 

58 7 985 


3280 157 
2630 100 
2210 «66 
1745 41.7 
1428 27 


wnnnr i 


oooo°o 
cooooo 


51 816 
46 644 
41 492 
37 407 
31 


1140 1 
918 1 
720 
559 
396 


wrnowo— 
“OO 


ocooo°o 
ocooo=— 


27 
24 
2 

18 
16 


330 
261 
200 


aeawnrn 


1 
10 
13sq 9 


oooo ooocoe 
Qw-o DAoaLwnr 


—_— 
Om woo 


on 


coooo cooSoo 
ecooeomo ecoooco 


1.312 in Fe 1.035 Ib 0.151 3 AT in. , Fe 1.54 Ib 
0.437 in. Cu 0.250 Ib 3.2 (NI 10.6 j f k Cu 0.45 Ib 
1 oersted 


5.26 in. 
0.726 in. Coretube 0.025 in. 


a Coretube (0.030 in 
4.86 in. Wrap 0.025 in. 5.73 W (20C Wrap 0.025 in 
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Table Vil—Lamination El 125 Table Vill—Lamination El 138 


Turns Nur-ber Ohms 


Turns | Number Ohms 
perlayer oflayers WN 20C Me AWG 


perlayer joflayers|) N 20 C 


271 20350 4890 : .02 241 
245 5 16900 _ 3230 
13460 2040 

10176 | 1220 

8304 790 


69 (16629 | 2765 
213 58 12354 | 1630 
191 53 |10123 | 1060 

72 49 8428 | 700 
av 6732 | 445 


oO 
-_ 
oC 
no 


— 
oon 
mon 


6770 505 
5480 328 
4390 209 
3630 137 
2840 85 


40 5440 | 287 
37 4551 189 
32 3520-116 
29 2842 74 
26 2288 


—n 
waak Ne 
ooseo ow 


2288 54 
1794 34 
1540 23 
1116 13 
952 8 


23 1794 
20 1380 
18 1116 

810 
14 672 


=ccss sssse Sos 


72 
559 
418 
330 


516 
407 
330 
232 
192 


wnn-— 
—_— 
ono—nm 


147 
114 
102 
90 
65 


83238 


eowew 


48 
44 
27 
24 


oo ococoe o--wu 
r 
“Ww conus. 


— = 


sss 


888 z 


ows AQgaon 


S885 


1.875 in Fe z 0.106 + (AT in Le 2.062 in. Fe 4\lb 

0.625 in Cu 3 2 ( NIae—15.15) 10™in. 0.687 in. Cu 1.33 Ib 9 3.2 (NIa-—16.7) 107 in. 
1 oersted | N10 1 oersted i N/10 

7.5 in ve | 196) gauss 8.25 in 1630 gauss 


1.485 in Core tube | 0.030 in uA 2100 1.785 in? Core tube | 0.030 in. a / 1908 
6.96 in Wrap 0.025 in. PR 9W (20 C) , 7.66 in. Wrap 0.025 in. 10.8 W (20 C) 


0.0963 + (AT ‘in. 


Table 1X—Lamination El 150 or EI 13 Table X—Lamination El 36 


Turns Number Ohms 


Turns | Number Ohms 
perlayer oflayers N 20C 


perlayer joflayers| N 20 C 
216 12500 | 1435 
190 ~ 10250 933 
169 f 8100 583 
151 6650 381 
136 5440 247 


3 


115 50 5750 161 
102 4590 102 
91 3549 62. 
82 2870 40. 
70 2100 23. 


ooococo 


121 3 4230 153 
3 3490 100 
2810 63.5 
2236 41 
1695 24 


1701 15 
1320 
1008 
836 
663 


nNwone 
woono wnrc 


1380 1 
1005 
795 
610 
492 


495 
406 
312 


27 


no -— oO cococoo cooco 


nNwaonw 
NOhw yn o cocoo 


ooo" 
Rego 
NS2SES 


407 
297 
216 
192 


cooo— 


oocooco 


eco cpeoco eooo-= 


oooco ooooco ooocoe ooooo 
oo oooco 


oocoeo cooco 
oooo cooco 


0036 56 


| j 

L.."| 2.250 in é 0.0883 + (AT /in ve | 2.625 in. Fe 7.45 Ib - | 0.0723 + (AT ‘in. 

W... | 0.750 in ou 3.2 (NIe-—18.2) 10-5 in ’. | 1.250 in Cu 5.00 Ib 3.2 ( NIic—22.2) 10-5 in. 
H 1 oersted N10 1 oersted C N10 

l 9.0 in 1360 gauss 11.0 in. 1160 gauss 

4 2.14 it Coretube 0.035 in A 1760 2.51 in Core tube | 0.040 in. 

I 8.4 in Wrap 0.025 in 11.65 W (20C 10.4 in Wrap 0.025 in. 


TT 
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may also be calculated from the value of 6.7 henrys 
given in the table. 


L=6.7 X 527/247 X 1.375 = 19.7 henrys 


The thickness of spacers between the “E” and “I” 
core sections will be 0.0089 « 1.5/2 = 0.0065 in. 
The resistance of the coil is determined by adding 
0.75 in. (twice the °g in. increase in build) to the 
mean length of turn |, from the table and multiply- 
ing the resistance from the table by the ratio of the 
increased l,, to the original lL,,. 


desired construction will therefore be equivalent to a 

linear choke with 1.3 henrys at 500 ma d-c. 

(a) Determine effective current for temperature rise 
considerations. 


I 38.5 


QnfL ~ 2e X 120 X 0.87 


| 


0.059 amp 
Tess V Pa + 1%, V 0.500? + 0.059? 0.503 amp 


Here, as in the first example, the effect of the a-c on 
the winding temperature rise is negligible compared 
to the d-c component. 


oes, ae Using the method described in step (b) of the first 

Resistance orn 0.79) x 100 113 ohms at example, it is determined from Table V that a coil 

On with 985 turns of No. 26 wire with a stack build of 

11g in. will have approximately the desired induc- 

Design Example—Swinging Choke tance and d-c current ratings. The net cross section 
for the core will be 


20 C 


Assume that it is desired to build a swinging choke 
avinge > i y characterictire: }1 
having the following charac teristics: 8” 0.726 = 0.934 sq in. 

Condition 1: Condition 2: , 


a s 


I 1.74 henrys L’ = 0.87 henrys 


4 The next step will be to determine the required pe;; 
Tac 100 ma | Pg 500 ma 


for condition 1 and compute the gap length for this 


R = 25 ohms (at equilibrium temperature) Mere Then the degree of saturation resulting with 
E, 38.5 volts 


this gap may be estimated for the current of con- 
f 120 cycles per sec ; 


; dition 2. 
A choke with the required swing can usually be ob- 


tained from a core and coil which, as a linear choke, 
would have mean inductance at maximum current. The 


L’l. 108 1.74 X 5.26 X 108 
25 N?A. 2.5 X 9852 X 0.934 104 

Consider equation (4) for the computation of b.. 
Since the saturation (H,) of the steel will be quite 
small for the relatively low current in condition 1, 
we may expect #, to be a large number compared 
to /.. Equation (4) under these circumstances may 
be abbreviated to: 

l x 5.26 


90 per cent 104 


Table Xi—Lamination El 19 


0.0118 in. 


We now compute a brief table of air gaps for con- 
Turns Number Ohms ih a 2 é : 
perlayer oflayers N 20C [le . dition 2 for various degrees ot 


130 71 9230 311 
116 64 7424 198 
103 55 5665 120 
93 50 4650 78 
81 3402 45 


saturation. where 
N = 985. ] 0.5, and l 5.26 in. 
. oersteds l,. in. 
| 3.2 (NI—2.02 1.) 10° = 0.0154, 
2 3.07 (NI—4.04 1.) 10 0.0145 
5 2.94(NI—10.1 1.)10 0.0129 
LO 2 84(NI—20.2 I.)10 0.0109 


2886 30 
2178 18.3 
1740 "1 
1428 7 
1058 


Nn oO oooce 


>« 


819 
665 
527 
486 
400 


We thus find that the gap (0.0118 in.) tentatively 
chosen to satisfy condition 1 would result in a satu- 


None w 


ration of about 7.5 oersteds when the d-c is 0.5 amp 
as in condition 2. 

It is now possible to check to see whether, for 
H 7.5 oersted and / 0.0118 in.. the inductance 
requirement of condition 2 is met. In Table V, Bac 
is given as 4000 gauss. This must be reduced for the 
increase in build. or 0.875/1.125 and by the ratio 
of rated voltage (38.5) to the voltage on which the 
table is based (.V/10 98.5). Thus 


1000 75/1.125 XK 38.5/98.5 1215 


oO 


260 
187 
160 


96 


77 
‘/ 


54 
48 
35 


WROnm BHoas 
coeceo SceeoeSmD Coo oo OfnNweNm 


cocoo cooco oo~——nm 


ococoo 


fFauss 


EN ae Lea eee a ee ee, Oe Le ae ee From Fig. 1, we find that, for H, = 7.5 and By. = 


(Continued on page 148) 
SSN 


| 3.000 in. Fe 10.3 Ib 
| 1.750 in Cu 8.6 Ib 
1 oersted 2 
13.0 in. 1000 gauss 
2.91 in.? Core tube | 0.045 in. é 1540 
12.5 in Wrap 0.025 in 30 W (20C 


5 in. 


Ls 
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Jet nozzle 


Vibrating blade 


The ultrasonic head, nucleus of the line of emulsifying 
machines developed and manufactured by Ultrasonics, Ltd. 
in England and Sonic Engineering Co. Stamford, Conn. 


Ultrasonic Dispersion 
From Fluid-Flow Energy 


The effectiveness of high-frequency ag- 
itation in producing emulsification and 
true blending of otherwise difficult-to-mia 
ingredients has been applied by using 
various roundabout means of introducing 
ultrasonic energy into the materials to be 
mixed. The design of efficient apparatus 
using the ultrasonic principle may be 
achieved by employing cavitation and the 
force-in-motion of the fluids involved in 
the process, through a jet and with a 


vibrating blade. 


An 
Electrical 
Manufacturing 
Staff Report 


UNTIL THE ADVENT of high power level transducers and 
amplifiers. the various properties of ultrasonic energy 
laboratory 


were curiosities. although there existed a 


wide-spread appreciation of the and 


vibration that 
would materialize if practical means for its generation 


numerous real 


diverse applications for high-frequency 


were devised. 

An industrial use for ultrasonics of broad importance 
and interest in such fields as the general chemical. cos- 
metic, food, textile and pharmaceutical is that of blend- 
ing and emulsifying various materials that do not other- 
wise mix readily. In a new line of ultrasonic emulsifiers. 
called the Rapisonic, the Autosonic. the Dispersonic and 
the Minisonic. an entirely new principle of operation is 
used which has resulted in considerably less expensive 
and more easily maintained machines compared with 
equipment heretofore available, in addition 
to offering faster and more complete emulsification. 

These machines use the fluid-dynamic forces of the 


liquids themselves to produce the sound waves. instead 


ultrasonic 


of generating the energy outside the liquids. This is 
accomplished by impinging the liquids to be emulsified 
in a jet stream on the edge of a blade. The blade. which 
is work-hardening stainless steel, is firmly clamped with 
about 14 in. length free to vibrate at a natural frequency 
of about 22.000 cps. The flat jet-stream is adjustable 
in size, varied according to the materials being handled 
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in the process. to produce a jet pressure between 100 and 
300 psi. the optimum pressure being in the order of 150 
psi. Cavitation occurs continuously in the stream passing 
the blade. All energy is developed and used directly in the 
liquids. 

Figure | is the basic unit. the Rapisonic. consisting 
of a gear-pump and ultrasonic head driven by a 2-hp 
motor. The low power requirement for the prime mover. 
in view of the fact that the unit will handle approximately 
> gallons per minute. is indicative of the high efficiency 
of the working principle of these emulsifiers. The simple. 
direct mode of operation of the machines leads to low 
initial and running costs, compactness and ease of main- 
tenance and certain decided mechanical and operating 
advantages. For instance. the material to be processed 
is in contact only with stainless-steel surfaces. Since the 


Air bleed 


Flow rote 
indicators 


Contro/ 
valves 


Relief 
volve 


U/trasonic 


Ropisonic 


pump 


Non-return 
valve 


Y 


Relief valve 
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Fig. 1—The Rapisonic unit, con- 
sisting of motor-driven gear 
pump and ultrasonic head. 


Fig. 2—The Autosonie emul- 
sifier, designed for continuous 
and automatic processing. 


Fig 3—rlemental diagram of 
the Autosonie. 





system is entirely closed, the Rapisonic will not incorpo- 
rate air during the blending process. Continuous and 
controlled handling of emulsions is made possible by 
the fact that this direct method of emulsification makes 
pre-mixing unnecessary, which is of particular interest in 
applications involving materials having widely different 
densities, for which pre-mixture is particularly difficult. 

lhe Rapisonic was the first of the new emulsifier line 
to be developed in England by E. C. Cottell, now presi- 
dent of Sonic Engineering Corporation, Stamford, Conn. 
One elaboration of the basic machine, the Autosonic 
shown in Fig. 2. was developed to meet the need for 
continuous output of emulsion to feed a plant or filling 
machines, or where the production was sufficient to 
warrant automatic processing. The Autosonic has an out- 
put variable between 100 and 250 gal per hr, and will 
automatically adjust itself to the quantity being drawn 
off. Installation of the machine is merely a matter of con- 
necting to the storage tanks or lines for the oil, water 
and emulsificant. A simple graduating process setting the 


flow indicators in the proportions required may be accom- 
plished by use of the control valves on the front of the 
panel. The green and red indicator lights above the con- 
trols are, respectively, to show that the automatic plant 
is in full and balanced operation, and that the balance 
tank is full but the three feed pumps are shut off and the 
discharge pump is either “off” or is not taking the full 
capacity of the plant. 

The elemental diagram of the Autosonic, Fig. 3, clari- 
fies the operation of the machine. The three feed pumps 
drawing the emulsificant, water and oil, are provided 
with relief valves set to relieve at a low pressure. The 
discharge from each of these pumps is then regulated by 
the three control valves and each liquid is set to its pro- 
portion in the final emulsion by means of the flow rate 
indicators. All three feed into the main pipe which carries 
another relief valve between the flow rate indicators and 
the Rapisonic pump. This takes up the three liquids and 
whatever balance is required from the balance tank and 
discharges through the ultrasonic head to make the finish- 
ed emulsion. From the balance tank the draw-off pump 
takes over and delivers the finished product to storage 
or to the next process. When the bottom float switch is 
down and the tank is empty the discharge pump cannot 
start. As soon as the bottom float switch lifts and operates 
its second pair of contacts the discharge pump can be 
started. When the top float switch is at its low level the 
three feed pumps and the Rapisonic pump will operate, 
but when it reaches its top level and its second pair of 
contacts are engaged, these four pumps automatically 
stop until the discharge pump lowers the level in the 
balance tank. 

The three feed pumps are fabricated of stainless steel, 
synthetic rubber or nylon coated. All pipes, valves and 
tanks are stainless steel, nylon or polyethylene. 

By replacing the gear pump of the Rapisonic basic 
unit with a continuous cavity pump. an emulsifying ma- 
chine was developed that was particularly adapted to han- 
dling dispersions of powders in liquids, and emulsions of 
an abrasive nature. This is the Dispersonic, Fig. 4. In 
this, a 3-hp motor provides a continuous output of 300 
gal per hr. 

{ proposed application of emulsification or homogeni- 
zation processes in industry begins with the test-tube and 


(Continued on page 324) 


Fig. 4 


for dispersions of powders in liquids and for proc- 
essing abrasive materials. 


The Dispersonic machine, designed primarily 


Fig. 5 (below)—Small batch-type emulsfier, the 
Minisonic, for experimental and pilot quantities of 


material, 





Error 


signal Amplifier 


e,= E,coswt 
@¢= E,cos(wt + ¢) 


fotor torque= k E,E, sing 


Fig. 1—A-e servo with two-phase induction motor. 


Component of e¢ 
quadrature 


with er 


Fig. 2—Servo motor develops torque only 
if the voltage on its control field e. has a 
component in phase quadrature with the 


voltage on the reference field. 


ingle Amplifier for Two Servos 


Here are two methods for applying one 
amplifier to control two servo systems. 
The first is based on phase differences, the 
second on frequency differences. Use of 
either can reduce failure rates, equipment 
costs, and weight; and either can be ap- 
plied to multiple servo systems, both 


military and commercial. 


BASIL JACKS, Senior Engineer 
Missile Guidance Section, Arma Division 


AMERICAN BoscH ARMA CORPORATION 
Garden City, N. Y. 


DESIGNERS AND MANUFACTURERS of electrical and elec- 
tronic control systems have given much thought to the 
problems associated with improving the reliability and 
lowering the cost of their products. One of the more 
apparent ways of simultaneously minimizing both failure 
rate and price is to design the equipment in such a way 
that, consistent with good design principles, the smallest 
number of individual components is necessary to per- 
form the required task.* 

Typical analog computers used in military fire con- 
trol systems or industrial applications usually employ a 
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number of servos of the a-c carrier, electromechanical 
type. Usually the servo power amplifier is the worst 
offender where reliability is concerned. and often it is 
also the most expensive component in the servo. Two 
methods of reducing the number of such power amplifiers 
in a piece of control equipment are discussed here. One 
is based on a phase difference relation and the other on 
a frequency difference. In both methods, use is made of 
the fact that, in typeal instrument-type servos. the full 
power capacity of the amplifier is used only on infre- 
quent occasions, particularly when slewing from one 
position to another. When the servo is performing its 
usual function of following a relatively slowly varying 
input signal, the amplifier is developing only a fraction of 
its possible output. 

Phase Difference. In discussing the first method, it 
may be recalled that, in a servo driven by a two-phase 
induction motor, the motor develops torque only if the 
voltage on its control field (Figs. 1 and 2) has a com- 
ponent in phase quadrature with the voltage on its refer- 
ence field. If two servos using the same frequency (usu- 
ally either 60 or 400 cps) are excited with reference 
voltages in quadrature phase relationship, as in Fig. 3, 
their respective error voltages, e, and C2, differ in phase 
by 90 deg. Similarly, the driving voltages at the motor 
control ‘fields. e,; and e,., are 90 deg apart (assuming 
similar servo amplifiers). These phase relationships are 
shown vectorially. 

If amplifier 2 is removed and its error signal is con- 
nected in parallel with the input to amplifier 1 through 


*See ‘“‘How to Design an Amplifier-Less Synchro System ELectricaL MANUFAc- 
TURING, December 1956, p 74. 





Command 


wti+¢) 


Error 
transducers 


; = 
¥ 
Command 
n (wt +$+9 e 


sin wt +8 +90°) 


a suitable mixer circuit. a voltage approximating the 
vector sum of the original e,, and e,. appears at the out- 
put of the amplifier. (Fig. 4) (Note: This assumes linear 
operation of the servo amplifier. Saturation will be con- 
sidered later.) However. even though the voltage appear- 
ing at the control fields of the two motors has changed 
in phase. eral h motor develops torque only in response 
to that component of the new control field voltage which 
is in quadrature with its reference field. In other words. 
each motor responds to the error signal of its own servo 
and not to that of the other. With a properly designed 
amplifier both servos operate simultaneously and_ inde- 
pendently through the single amplifier. 

There are two important considerations to be kept in 
mind in designing an amplifier for this application ot 
in using an existing available amplifier. The first is that 
the phase shift through the amplifier must remain rela- 
tively constant regardless of age. temperature changes. 
signal level. ete. If the phase shift changes. even as little 
as 5 deg. e,, is no longer in quadrature with the voltage 
on the relerence field of V/. This condition would not 
cause any noticeable deterioration in the torque devel- 
oped by M/ (since the torque is proportional to the sine 
of the angle between the two field voltage vectors). but 


it would cause a small error in servo 2 since e,, would 
have a small component in quadrature with the reference 
held of W2. (Fig. 5) For a 5-deg change in phase shift 
in the amplifier, servo 2 will develop an error of about 
Ole per cent of the instantaneous error of 


(Actually the error 


servo # 
ratio is equal to the sine of the 
mis-phase angle which for small angles may be taken as 
the angle itself expressed in radians, in this case 5/57.3.) 
Depending on the application. this error may not be of 
any consequence, particularly since it is only transient 
in nature and appears in the nulled servo only when the 
other is unsynchronized. The change in phase shift of a 
conservatively designed reasonably 
stable components and employing overall feedback, will 
usually be very small. 


amplifier. using 


The second factor to be considered in choosing or 
designing the servo amplifier is the desirability of pre- 
venting the error in one servo from becoming large 
enough to saturate the amplifier. If saturation occurs. 
the other servo can no longer be controlled. For instance. 
if the amplifier saturates at 100 my and the error in one 
servo reaches 500 my, the incremental gain of the ampli- 


fier (change in output per change in input) drops to a 
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E sin 
h 


Fig. 3—Two servos whose 
references voltages are 90 
deg apart. Phase relation- 
ships of voltages involved 


E sin (wt +8) 
E sin wt 


are shown rectorially. 
‘\ 


E sin (wt +) 
(wt +8 +90°) 


—> 

= Fig. 4—With one amplifier 

ner +o see serving two servos, the out- 

-» &c2 put e.; is equal to the vector 
sum of e.; and e.2. 


very small value. This prevents servo 2 from following 
its command signal until servo 1 has caught up suf- 
ficiently to reduce its error below 100 my. 

\ simple means of effectively eliminating this problem 
is to introduce a limiting circuit in each error circuit 
before the two signals are mixed at the amplifier input. 
Without affecting the voltage gradient for small errors. 
the limit circuit prevents the error signal from getting 
large enough to cause amplifier saturation. High-con- 
ductance miniature silicon diodes may be used for this 
application. (Fig. 6) 

Frequency Difference. The second method for con- 
trolling two servos through a single power amplifier is 
simpler and more straight forward than the first because 
it does not place any stringent requirements on the ampli- 
fier. It can be used only when two supply frequencies 
(usually 60 and 400 cycles) are available for servo use. 
Since both frequencies are usually available in military 
applications. it is advantageous to design some of the 
servos for 400 cycles and some for 60 cycles and use 
one amplifier to control two servos of different fre- 
quencies. (Fig. 7) 

The only special requirement of the amplifier for this 
use is that it have sufficient bandwidth to handle both 
frequencies. In the case of 60 and 400 cycles, the require- 
ment presents no problem. When both servos are off 
null. the amplifier output signal contains both 400- and 


New Procedure for Designing 
Linear and Swinging Chokes 


Continued trom page 143) 


215. wa is approximately 350. Then, using equation 
9 
rr. 


5.26 X& 350 


= _ OF 
526 + (330 X 0.0118) ~ 1% 


If on Fig. 2 a straight line is drawn between 18.7 on 
proximately correct for condition 2. since 


L 1.74 & 196/104 


0.845 henrys 


This result is only about 3 per cent too low. Hf 0.87 
is the minimum acceptable value for condition 2, 
the calculations to this point must be repeated using 
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Esin(wt +6) a 


=- 


Se E sin wt 


transducers 


E sin(wt+@ +90) 


Fig. 6—Silicon diodes used 
in an error limiting circuit. 


Fig. 7—With different excitation 
frequencies, one amplifier can 
control two different servos. 


60-cycle components. The motors themselves serve as the 
frequency separating devices, although more efficient 
operation is obtained if one or both of the motors is 
tuned. For the same reasons discussed earlier, it is de- 
sirable to use limiters in each of the error signal circuits. 

Operation in this “two frequency” mode has been 
found very reliable. Interaction between the two servos 
is negligible. This second method has the advantage over 
the first of not requiring a constancy of phase shift with 


a slightly larger stack height. Assuming. however, 
that this value is satisfactory, we can proceed to 
see whether or not condition 1 is satisfied. 
Using the graphical solution of equation (8), deter- 
mine H,. 
Since 

F V1 


985 X 0.1 98.5 ampere-turns 


from equations (11) and (13) 
F 98. 

0.313 1, ~— 0.313 X 0.0118 

7 98.5 


l 5.26 


B, 


26.7 kilolines per sq in. 


i 


18.7 ampere-turns/in 


:If on Fig. 2 a straight line is drawn between 18.7 on 
an extension of the abscissa and 26.7 on the ordinate. 


the line intersects the curve at approximately 0.2 


ampere-turns per in. This is approximately equivalent 
to 0.1 oersted, which represents the degree of satura- 
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Cy = re 
A 
Fig. 5—(A) With correct phase shift in ampli- 
fier, e.; is in quadrature with e,; and no torque 
is developed in servo 2. (B) With change of 
phase shift of ¥ a small torque is developed in 
servo 2 due to component of e.; in quadrature 
with e-». 


400 cps 


¢ Amplifier 


but does have the drawback of 
requiring the availability of two supply frequencies. 


time, temperature. etc.. 


The two schemes discussed here can result in signifi- 
cant reductions in cost. failure rate, d-c power require- 
ments, and equipment volume and weight. Consideration 
of their use is suggested whenever a control system is 
being designed involving the use of a number of low 
power servos. 00 


tion of the core in condition 1. 

(f) Using B 1215 gauss and H = 0.1 oersted we ob- 
tain by interpolation in Fig. 1 a value for ya of 
about 5000. It is now possible to evaluate jp, 

5.26 X 5000 


: - 09 
5.26 + (5000 & O.OL18 \ 


Me 


It can thus be seen that the assumption in step ¢ that 
l 
L 90 per cent A 
was a good approximation. It is also seen that a 
perp Of 409 will yield slightly more than the required 
inductance of 1.74 henrys. 
The spacer to be used in the air gap should have a 
thickness of approximately 


15 X& 0.0118 


» 


0.009 in 





Here are two unique features of the 
re-design announced this month by 
1-T-E Circuit Breaker Co., Philadel- 
phia. of its power circuit breakers 
for 600-volt, 225- to 1600-amp ser- 


vice: 


® Doubled-back arc chutes (left) 
that exhaust at side rather than 
top to permit stacking breakers 
four high in a 90-in. enclosure. 
® Arc minimization during closure 
by using a manually charged 
spring (right) as the “stored- 


. 


energy operator of a new . 


uick-Make Manual 
ircuit Breaker Mechanism 


MANUAL CLOSING of low-voltage power circuit breakers 
often presents a definite operating hazard. The operator 
must overcome all mechanical o1 electromagnetic forces 
which may tend to open the breaker contacts, and 
the closing operation should be performed in one rapid 
motion. Otherwise, the heavy current that often begins 
to flow at the instant the contacts meet may under some 
conditions generate sufficient electromagnetic force to part 
the contacts and initiate an arc. In recognition of this 
potential hazard. both NEMA and ASA set definite 
limits for the application of manually operated low- 
voltage power circuit breakers in their published stan- 
dards. However, much of the hazard can be eliminated 
by using a pair of helical extension springs to actually 
close the breaker. with the operator merely functioning 
to charge the springs. This operating principle is illus- 
trated in the accompanying step-by-step photographs of 
a plastics model of the breaker mechanism. 

Before breaker closing operation begins the contacts 
must be open and the operating handle (part 1) in reset 
position, Fig. 1. As the operating handle is thrust down- 
ward, Fig. 2, it forces the hand-closing cam (part 2) to 
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rotate clockwise and extend the closing spring (part 3) 
downward to store the energy that will ultimately be 
used to close the breaker. Down-stroke continues until 
a pin on the hand-closing cam engages a camming sur- 
face of the hold-up latch (part 4) and rotates the latch 
counterclockwise. Meanwhile continued extension of the 
springs has forced the first stage closing cam (part 5) to 
tend to turn in a clockwise direction, being restrained 
from moving downward by the left-hand roller on the 
roller carrier (part 6) which in turn is prevented from 
moving by the latch surface of the hold-up latch and the 
positioning of the primary latch (part 7). As the hold-up 
latch continues to pivot, the roller carrier slips by the 
latching surface of the hold-up latch to release the 
closing springs. 

The roller carrier then rotates counterclockwise about 
its center roller. which resets on the latch surface of the 
primary latch, Fig. 3. The other end of the roller car- 
rier snaps upward, rotating the jackshaft cam (part 8) 
clockwise to slam the contact arm assembly (part 9) 
against the stationary contact structure (part 10). The 


(Continued on page 322) 
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1 Breaker in open position 


fF Just before latch release with clos- kj Closed position just after close of 
ing spring almost fully charged contacts 


CY Closed position with closing spring Open position just after overcur- 


and operating handle back to nor- rent trip operation 
mal position 
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Organizing 
Vibration Testing Activities 
in Engineering Development 


[he increasing importance of vibration 
testing in product design engineering re- 
quires continual development of new and 


improved 


techniques and equipment. 


Organization, responsibilities. types of 


specimens, and equipment at Bendix 


Products Division are described in this 
article together with types of tests and 


notes on test fixture design. 


R. J. SATORY 

Qualification Laboratory. Fuel Systems Engineering 
Bendix Products Division, BENDIX AVIATION CORPORATION 
South Bend, Indiana 


VIBRATION TESTING today is an indispensable tool of en- 
gineering development particularly in the aircraft and 
electronic industries: it promises to become increasingly 
important in the future. The more severe vibration en- 
vironment encountered in supersonic aircraft and missile 
operations requires continual development of new and 
improved techniques and equipment for vibration testing. 

The increased emphasis on vibration testing can be 
demonstrated specifically for the Qualification Laboratory 
of Fuel Systems Engineering at Bendix. Four years ago. 
all testing here was done at frequencies below 60 cps on 
mechanical vibrating equipment. Today we have three 
MB electrodynamic vibration exciters. two of which op- 
erate at frequencies up to 500 cps and the third as high 
as 5000 cps. Our records on these machines in the last 
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three years show that the amount of testing has multi- 
plied ten times. Our first electrodynamic exciter registered 
over 9000 hr of testing in a period of 20 months, while 
the two 500-cps exciters have been working an average 
of over 12 hr a day for two years. 

The Qualification Laboratory of Fuel Systems Engi- 
neering at Bendix Products Division is responsible for 
all vibration testing in both product design and qualifica- 
tion as a service to the different engineering groups in 
this section. The vibration laboratory (referring specifi- 
cally to our basic activity) is concerned entirely with 
components and assemblies in recoverable aircraft. so 
that its vibration studies are devoted primarily to ex- 
tending operating life rather than eliminating short-term 
failure under high stresses. 

\ request for a vibration test is made to the vibration 
laboratory by the group engineer in charge of the par- 
ticular design project. The test conditions and type of 
data required are specified, and specimens are provided 
for test. The test may be performed entirely by a labora- 
tory engineer or in conjunction with the project  en- 
vineer requesting the test. Most vibration testing is done 
by laboratory personnel with close follow up by 
the project engineer, particularly when subsequent test 
conditions may be changed as a result of early observa- 
tion. At any rate, each project is charged directly with 
the time of personnel and any special fixtures in the vibra- 
tion laboratory. 

Many vibration test projects are preliminary investi- 
gations. followed by more detailed studies. No formal 
reports are made on tests of this nature, the socalled 
memorandum reports are made on only about 10 per 
cent of the projects. The Vibration Test form in Fig. L, 
which includes space for all data usually required, is used 
to record all results. 

Types of Specimens. Most vibration testing in the 
laboratory is done on components for the electronics and 
mechanical groups. Many of the more time-consuming 
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tests. however. are performed on assemblies. such as air- 
craft carburetors, brakes, and the gas turbine flow con- 
trol unit as shown in Fig. 2. Much more equipment and 
set-up time is usually involved in testing assemblies be- 
cause special fixtures must often be built and the assembly 
is frequently hooked up for operation during the test. 

The most common components tested for the electronics 
group are: relays, choppers, capacitors, chokes. electron 
tubes, mounting structures, transformers. shock mounts. 
torque motors, and resistors. 

Components of fuel control units tested for the me- 
chanical group include: servos, springs. bellows. bearings. 
valves. cams. and castings. In addition. the vibration 
laboratory also does work from time to time for the 
Aircraft Wheel and Brake Department. Aircraft Struts 
Department. Pump Department. and Automotive Brake 
Department of the Bendix Products Division. 

Many fuel systems components are tested both indi- 
vidually in the process of design and as part of a proto- 
type assembly. For example. half the springs and three 
valves in a fuel-metering control were recently tested 
the springs being vibrated both in air and under operat- 
ing conditions immersed in fuel—before the casting 
for the prototype assembly had even been made. 

Recognizing the high cost of time and materials in 


changing component design in the prototype assembly. the 


design groups make every effort to build satisfactory vi- 
bration resistance into each component first. 

Types of Vibration Tests. The four basic types of 
tests performed regularly in the vibration laboratory are: 

|. Qualification test—to military specifications, cus- 
tomer’s specifications or preliminary specifications de- 
vised by the Fuel Systems Engineering (FSE) group. 

2. Temperature tests. 
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Vibration Test form used for recording all data in the vibration laboratory. 


3. Endurance tests—as specified by customer or FSE 
project engineer. 

1. Resonant mode surveys—in engineering evaluation 
before design is fixed. 

More than half of the qualification testing to military 
specifications is carried out under MIL-E-5009A for all 
components associated with but not mounted on turbojet 
engines. Qualification tests developed by FSE groups are 
uniformly more severe than the military specifications in 


HI 


ers? eer ae a- 


Fig. 2—Set-up for vibration testing a gas turbine fuel control 


unit while fuel is flowing. 





order to be certain that the ultimate assembly is accepta- 
ble. In such cases, it may be known that the vibration 
environment for a particular assembly will be substan- 
tially more severe than can be anticipated in a broad 
specification. It is good practice to design certain critical 
components for extremely high resistance to shock and 
vibration. 

For example, two FSE specifications developed by the 
vibration laboratory and the electronics group for ampli- 
fiers and other electronic components require, respec- 
tively, vibration tests at 0.1 in. double amplitude (d.a.) 
or 15 g acceleration, whichever is limiting, from 5 to 500 
cps, and 0.5 in. d.a. or 20 g over a frequency sweep from 
5 to 500 eps, each in a cycling period of 15 min. Both 
these amplifier specifications are considerably tougher, 
for example, than MIL-E-5272A which specifies 0.06 in. 
d.a. between 10 and 55 eps and 0.01 in. d.a. or 5 g, which- 
ever is limiting, between 55 and 500 cps over the 15-min 
frequency cycle. With the available high-frequency limit 
of the recently installed MB C6 exciter (Fig. 3), we are 
in certain cases extending the frequency range up to 2000 
cps. while retaining the original accleration levels. 

Temperature tests are conducted in special exciter 
90F to +-350F. 
Vibration endurance tests are concerned with either 


hoods at temperatures from 
fretting corrosion, wear fatigue characteristics, or the 
investigation of failure under actual vibration environ- 
ments. We expect that fretting corrosion (involving ox- 
idation, galling, and tearing) will become a more and 
more critical problem as aluminum components such as 
bushings are fitted together with increasingly tighter tol- 
lerances. Vibration tests for failure under simulated vibra- 
tion environments, which are often difficult to determine 
accurately in the first place, are usually specified for a 
particular number of vibration cycles. Fatigue studies 
usually involve testing to destruction and are useful in 
evaluating the stress capacity of particular shapes and 
structures. 

Roughly 40 per cent of the work in the vibration lab- 
oratory is in resonant mode surveys on electrical and 
mechanical components. The purpose of such tests is to 
determine whether or not harmful resonance occurs in the 
component when subjected to anticipated vibration ex- 
citation or to actual qualification tests. While the possi- 
bility of a resonant condition in a structure can often be 
predicted by calculation, the exact frequency and loca- 
tion of resonance usually is not found until the actual 
vibation test, particularly when either the modes of ex- 
citation or the component itself are rather complicated. 
Resonant mode surveys may be conducted a number of 
times on a particularly troublesome component with each 
succeeding design change. In these cases, it is the func- 
tion of the vibration laboratory to report the nature of 
the resonance and its eflect on the specimen and to sug- 
gest design changes. 

There are six vibration specialists in the laboratory 

one electrical engineer, one electronics technician. two 
mechanical technicians, and two physicists. An under- 


standing of the physical properties of materials and 


forms and a sound basis in electronics are important in 


vibration engineering. The electronics background is use- 
ful both in working with the many electronic instruments 
used in vibration testing and because vibration phe- 
nomena are in many ways similar in action to electrical 
phenomena. 


154 


Fig. 3—Checking a potentiometer for wiper vibration on an 
MB C6 electrodynamic vibration exciter in a chopper-bracket 
fixture. 

=> 
Fig. 4—Scanning for mechanical resonance of electronic com- 
ponents on an MB C25 vibration exciter on an aluminum tower 
fixture. 


Laboratory Test Equipment 


The test equipment in the vibration laboratory includes 
three electrodynamic vibration exciters, their control 
circuits and power supplies, two automatic cycling sys- 
tems, equipment for operating test specimens during 
tests, a portable temperature chamber. and numerous 
electronic devices for monitoring tests and observing 
indicating and recording vibration of the specimen. In 
addition, the laboratory itself has been constructed spe- 
cifically to the requirements of the test work and is 
supported by facilities like a laboratory shop, special elec- 
trical power supplies and fuel supplies. 

Vibration Exciters. The three electrodynamic vibra- 
tion exciters, produced by the MB Manufacturing Com- 
pany. are as follows: 

i Two Model C25 exciters (Fig. 1) 
tinuous-duty force output of 3500 Ib, 


from 2 to 500 cps, and a total table displacement of 1% in. 


with a rated con- 
frequency range 


Both exciters are energized by P25 rotating power sup- 
plies. including a-c motor, d-c generator, variable-speed 
d-c motor, and three frequency-range alternators. 

2. One Model C6 exciter (Fig. 3)—capable of 200 Ib 
continuous force (depending on table loading) between 
95 and 5000 cycles. and a 1-in. total table displacement 
An acceleration of 44.5 g is available with a 1-lb table 
load. 

Each exciter is mounted on several layers of MB Iso- 
mode neoprene vibration-isolating pad. Note in Fig. 3 the 
squares of cross-ribbed Isomode pad under each cornet 
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of the exciter’s base. The large reaction forces produced 
by the exciter are then prevented from being transmitted 
through the floor to the delicate electronic instruments. 

Automatic Cycling. An automatic cycling system is 
available for programming one of the larger exciters at 
the proper amplitudes, accelerations and frequency ranges 
during cycling at specified rates. The MB ACS-25 cycling 
system is used in testing to the frequency-sweep specifica- 
tions developed by the electronics group (like that men- 
tioned above) and in frequency-cycling specimens which 
initially cannot be tested at resonance since the resonant 
frequencies are unknown. While frequency sweeps can 
be manually controlled by a laboratory technician, the 
automatic cycling system is used because (a) the tech- 
nician’s time is saved for other work, (b) the results are 
repeatable, and (c) high accuracy is held over long 
periods of time during which fatigue is liable to impai 
a technician’s effectiveness. 

Temperature Chamber. The temperature chamber 
for environmental testing consists of a portable insulated 
hood which can be placed directly over the specimen 
mounted on the exciter table. High temperatures are 
produced by an electric heater, while temperatures below 
room temperature are attained with a dry-ice chamber and 
a blower. The insulated box is externally supported so as 
to add no table load to the exciter. The space between the 
exciter table and lower edge of the box is filled with a plas- 
tic diaphragm for testing at low temperatures and glass 
wool insulation for high temperatures. 
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Vibration Measurement. A wide variety of instru- 
mentation is used in the laboratory to sense, measure and 
record vibrations in the specimens.* With the most com- 
monly used equipment listed first, these instruments in- 
clude: 

1. Vibration meters connected to the signal generator 
coils of the exciters and mounted on the exciter control 
cabinets. 

2. Three other portable MB vibration meters—a-c and 
battery-operated, with provision for either two or four 
pickup inputs. The vibration meter indicates velocity 
directly from a velocity-type pickup, differentiates for 
acceleration, and integrates for displacement. 

3. Surface-attached and 


probe-ty pe electromagnetic 


velocity-type vibration attached for 


securing directly to specimen and probe-type for rapid 


surlace 


pi kups 


manual checks on amplitude at various points (both are 
MB types). 

1. Piezoelectric crystal pickups. 

a A reed-type mechanical resonance probe to indi- 
cate frequency. 

6. A velocity-type pickup of our own design—to de- 
termine the difference in vibration velocity between two 
components of an assembly (such as between a piston 
and cylinder). 

7. A pickup-galvanometer-film oscillograph system— 
for indicating recording and labeling as many as 18 
channels from vibration pickups. 

&. Surveyor’s level—normally used in the laboratory 
for all displacement measurements at any frequency down 
to a displacement of 0.003 in. d.a. These higher amplitudes 
occur most often at frequencies below about 125 cps. The 
level must be located at least & ft from the specimen for 
sighting; this is helpful in that this distance means there 
is less danger of picking up vibrations in the level through 
the floor. 

9, Microscope used to smaller vibration 
amplitudes in the range of 0.001 in. d.a., where the 


measure 


surveyors level is difficult to use. However, the micro- 
scope takes longer to set up for measurement, and it is 
necessary to watch carefully for vibration through the 
microscope itself. 

Detecting Resonance. Resonanc 


satisfactorily detected in a specimen in one of two ways, 


is almost always 


either of which requires only a fraction of the time 
necessary to arrange the surveyor’s level or microscope 
First, the 
actual motion of the specimen can be seen in slow motion 
with the help of a strobolight. 


resonance can then be observed as the specimen is cycled 


for accurate measurement ot displacement. 


Maximum displacement at 
through the spec ified lrequen Vy range. Sec ond, resonance 
can frequently be detected as high-intensity sound at a 
particular point in the frequency sweep. Of course, when 
resonance is detected through sound, it may be necessary 
to use a strobolight to determine the actual location of 
the maximum deflection in the specimen 

\ third method that is more accurate and often more 
convenient when a number of resonant frequencies are 
involved is to observe the waveform of exciter table o1 


specimen motion with a pir kup and ost illoscope. In such 


a situation, it may be possible to estimate the probable 


location of the resonant point and pla e a surface-mounted 





pickup there. On the other hand, it may be more con- 
venient to move a hand-held probe pickup from spot to 
spot on the specimen and observe the waveform amplitude 
on the oscilloscope. 

Most qualification tests require that the specimen be 
operating in its usual mounting position during the test. 
lhe gas turbine fuel control unit in Fig. 2. for example, 
is being tested on an off-table stand with fuel flowing 
and with a specified shaft speed applied. Vibration of 
the control is sensed by a ceramic accelerometer (arrow ) 
and fed into an oscillograph. 

Excitation from a C25 exciter is being provided by a 
shaft through the wall at the left, since plant safety regu- 
lations stipulate that no fuel be used in the same room 
with hazardous electrical equipment. The exciter must 
he placed in a horizontal position (rotated 90 deg on its 
trunnions from the vertical position in Fig. 4). Although 
the exciter is operated in its vertical position (Figs. 3 and 
1) wherever possible. horizontal excitation is also re- 
quired in some environmental tests to isolate specimens 
at high temperatures and when a control must be tested 
in its normal horizontal engine-mounted position. 

In order to observe the motion of valves and other elec- 
tromechanical components in assemblies in which fuel 
is flowing. an acrylic-plastic window plug is often in- 
serted in the fuel control at convenient points. 

Transistors. diodes and other electronic components 
are operated during a vibration test whenever practical 
and necessary. Relays and choppers. which are tested in 
large numbers in the vibration laboratory. are always 
operated under test as a matter of course. A special 
thyratron-operated electronic system, with one circuit 
for each relay or chopper. has been developed to indicate 
chatter (improper opening and closing of the contacts) 
during the vibration test. 

Fixture Design. The design of fixtures for securing 
the specimen to the exciter table is extremely important 
in properly reproducing the actual mode of external 
vibration excitation and mounting position that will be 


encountered in operation. An improper fixture. which may 


Direction of 
“vibration 


wor | 
Table ot 25 deg 
from horizontal | here 


Specimen mounted 


Fig. 5—Special test fixture for exciting specimen in operating 
position 25 deg from horizontal. 
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never even be detected, produces entirely erroneous Te- 
sults of no real value to the engineer. Fixture design con- 
siderations our experience has taught us include the 
following: 

|. There must be no resonances in the fixture itself. 

2. The fixture should be as light as possible so as 
to permit maximum specimen weight on the exciter table. 

3. Bolts or screws which can loosen during the tests 
should be avoided. 

1. If possible. the fixture should be designed so that the 
specimen can be excited in all three directions without 
changing the fixture and with minimum adjustment of 
the specimen. 

5. A fixture used for commonly tested types of com- 
ponents should be made as versatile as possible. 

6. Provisions should be made for conveniently bring- 
ing to the specimen (and often through the fixture) 
electric leads, air lines, etc. for operation during test. 

While many fixtures like that for the gas turbine fuel 
control unit in Fig. 2 are specially made for a particular 
specimen, most fixtures have been designed for use with a 
number of component types. In following the design 
cuides above. we have made it standard practice to: 

1. Counterbalance identical fixtures and specimens on 
the exciter table to eliminate the harmful effects of fixture 
resonance, 

2. Use magnesium or aluminum as the fixture material. 

3. Make the fixture cross-sections as thick as possible 
for maximum stiffness. 

1. Use solid fixtures. Screws, bolts and welds which 
might loosen or fracture during a vibration test are 
avoided wherever possible. 

In Fig. 3. a solid aluminum chopper bracket is securing 
a potentiometer to the table of the excited. The vibration 
engineer is observing wiper vibration on the oscilloscope. 
The 14-in. thick walls of the chopper bracket and the solid 
side stiffeners minimize the possibility of fixture resonance 
affecting the observed wiper motion. 

Another fixture often used with the high-frequency ex- 
citer in Fig. 3 is an electronic component mounting block 
machined from solid aluminum. Identical threaded holes 
on four sides match the bolt holes on the table of the ex- 
citer. so that potentiometers, relays and other small pre- 
cision components can be excited in different positions. In 
addition, standard 3x3x1'4-in. aluminum plates for mount- 
ing elements such as resistors and capacitors can be 
tightly secured to the exposed bolt holes on three sides 
of the block. 

The tower fixture in Fig. 4 has been designed to test 
many small parts simultaneously and in defferent orienta- 
tions. For example, relays, resistors, capacitors and two 
electron tubes—all components of the same amplifier 
can be vibration tested together. The tower itself is solid 
aluminum 21% ft high, 4 x 4 in. in cross section and is 
welded at its base to a circular aluminum plate 8 in. diam. 
Twenty-one 4 x 4-in. component mounting plates can be 
secured to the tower at one time. Note the large cavity 
near the top of the tower to allow components to protrude 
into the tower. An annular base plate with a 20-in. OD 
is designed to fit around the tower fixture and to be 
bolted directly to the exciter table (the table of the C25 
exciter has a 20-in. diam.). The annular fixture and tower 
together allow 31 plates to be mounted together on the 
exciter table. The square plates can be turned on the tower 


(Continued on page 322) 
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WILLIAM V. O'BRIEN 
28th President of NEMA 


NEMA 

Elects Officers, 
Discusses 
Profit Margins 


Westinghouse executives stress need for 
more substantial profit margins if research 
and development programs are to be sus- 
tained, plants expanded to meet new mar- 
kets created by trend toward “‘Electro- 


mation.” a newly coined phrase. 


Ar its 31st AnnuaL MEETING, held in Atlantic City, 
November 11-15, the National Electrical Manufacturers 
Association elected a new slate of officers, saluted three 
members who had been in the industry for 50 years, 
and heard warnings of shrinking profits but soaring mar- 
ket opportunities. 

Arthur A. Berard, president of Ward Leonard Elec- 
tric Co., Mt. Vernon, N.Y., concluded his term of office 
as president of NEMA and was succeeded by William 
V. O’Brien, vice president of General Electric Co. The 
five vice presidents who will serve under him are pictured 
on the following pages, along with treasurer Neece. 

Six new members were elected to the NEMA Board 
of Governors and eight incumbent members re-elected. 
New members elected are: Thomas McDonald, executive 
vice president, Minneapolis-Honeywell Regulator Co.; H. 
N. Felton, vice president in charge of sales, Wagner 
Electric Corp.; H. F. Lehman, general manager, Frigi- 
daire Division, General Motors Corp.; J. M. Otter, execu- 
tive vice president, Philco Corp.; E. R. Perry, president, 
National Vulcanized Fibre Co., and James F. Whitehead, 
Jr.. executive vice president, Day-Brite Lighting, Inc. 

Those reelected to the Board are: H. G. Blakeslee, 
vice president and general manager. Cory Corp.; R. 
Stafford Edwards, president, Edwards Co., Inc.; N. J. 


MacDonald, president, The Thomas & Betts Co.; A. F. 


. 
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FROM HIS HEADQUARTERS in New York City, William V. 
O’Brien, vice president of the General Electric Co. and 
general manager of the Apparatus Sales Division, directs 
sales activities for more than 40 GE departments which 
produce equipment and components for electrical utili- 
ties, industry, transportation, and national defense. 

Mr. O’Brien has been associated with General Electric 
since 1922, when he joined the Test Course for student 
engineers at Schenectady following his graduation from 
Virginia Military Institute with a BS in EE. After serv- 
ing in several sales engineering capacities in the South- 
eastern District, he returned to Schenectady to assign- 
ments in the Central Station Division and Lighting and 
Cable Division. He was named manager of the Wire and 
Cable Division in 1940. 

Appointed assistant manager of the Central Station Di- 
visions in January, 1945, he became manager of the di- 
visions four months later, and served in that capacity 
until appointed assistant manager of sales for the Ap- 
paratus Department in 1947. He was named general sales 
manager the following year. 

In 1950 he was ele ted a commercial vice president of 
General Electric and appointed assistant manager of 
marketing policy. He was named general manager of the 
Apparatus Sales Division in 1951 and was elected a vice 
president of the Company in 1954. 


Metz. chairman of the board, The Okonite Co.: W. R. 
Persons, president, The Emerson Electric Mfg. Co.; A. 
E. Pringle II, vice president, The Pringle Electrical Mfg. 
Co.; W. C. Robinson, Jr., president, National Electric 
Products Corp., and Clifford W. Smith, sales manager, 
Telephone Sales Division, Western Electric Co., Ine. 
Alvin N. Gray, development engineer of Western Elec- 
tric Co.. Baltimore, Md., received the Manufacturers 
Medal of the James H. McGraw Award for Electrical 
Men for development of a process for extruding rubber 
for insulating wire at room temperature. Under the old 
method, the rubber compound was extruded hot. More 





than 30 other companies have now adopted the process. 
Twenty-six patents have been granted to Mr. Gray dur- 
ing his career with Western Electric, plus eight more 
granted jointly to him with others. 

A team of Westinghouse Electric Corp. executives 
dealt with trends in profits and in market opportunities 
at a general luncheon meeting. Mark W. Cresap, Jr.. 
executive vice president, indicated that profit margins 
of the electrical manufacturing industry had been de- 
clining at a rate that warranted serious attention. With- 
out adequate profits, the industry cannot meet its re- 
quirements of supporting underlying research and de- 
velopment to create new and better products, and to 
accumulate and attract the capital needed to create the 
facilities to make these products. 

Mr. Cresap pointed out that “in the electrical equip- 
ment industry these programs cost three times as much. 
in relationship to sales volume, than in industry as a 
whole. It is to the great credit of this industry that 
diminishing rates of profit have not reduced the mag- 
nitude of research and development activities—actually 
they have been expanded.” 

As examples of outstanding industry achievement re- 
sulting from research and development, Mr. Cresap cited 
the increased capacity and efficiency of electrical generat- 
ing and distribution equipment; “card program” produc- 
tion in the steel industry, and “electronic-matching” of 
car parts on automobile assembly lines; 


the develop- 
ment of semiconductors: 


jet engines; electronic systems 
for military communication, and control of flight and 
weapons, and atomic power for ship propulsion and 
central station application. 

“And it is the electrical equipment industry,” he said. 
“that has developed the home equipment which pre- 
serves food. washes and dries, cooks. informs and en- 
tertains, and does many other things that 
American people’s life a better one ; 

“These accomplishments stem from costly 


make the 


research 
and development work, conducted, not on a ‘crash pro- 
gram’ basis, but continuously since the inception of the 
business, year in and year out, in good years and bad, 
in peace and war. and both with and without govern- 
ment assistance. No industry in this economy can point 
to such a sustained, well-supported, and successful re- 
search and development tradition.” This tradition is 


NEMA Vice Presidents for 1958 


A. D. R. FRASER 
President 
Rome Cable Corp. 


N. J. MacDONALD 
President 
The Thomas & Betts Co. 


Semiconductor Rectifier 1957 Sales 
To Reach $100 Million 


Sales of semiconductor rectifiers and rectifier equip- 
ments are setting new records for 1957, and even 
brighter business prospects are ahead, it was an- 
nounced by NEMA’s Semiconductor Rectifier See- 
tion. Figures released at the November meeting 
indicated that sales of rectifiers and rectifier equip- 
ments will hit an expected peak of $100.000.000 
this year, and will pass the $200,000,000 mark in 
10 years. This year’s high point is triple that 
reached by this comparatively new industry just 
seven years ago. The Section recently instituted 
an enlarged statistical program in order to obtain 
such data from the entire semiconductor rectifier 
producing industry. 

The NEMA summaries show data for all types 
of rectifier components—germanium, silicon, cop- 


per oxide, magnesium sulphide. and 


selenium. With the rapid technological advances 


copper 


that are being made in the newer types of semi- 
conductor rectifiers such as silicon, it is important 
to watch the effect in the market that each type of 
semiconductor rectifier has on the other. 

The statistical activity is open to all semi- 
conductor manufacturers regardless of membership 
in the Section. The latest report contains a sum- 
mary of sales data for 42 companies, representing 
approximately 70 per cent of the dollar value of the 
industry. All manufacturers are 
urged by the section to participate so that 100 per 
cent industry coverage can be obtained. 


semiconductor 


threatened, Mr. 
five years, the 


Cresap said, because during the past 
industry's retained earnings plus de- 
preciation have failed to equal capital expenditures by 
a considerable amount. Pointing out that any business 
or industry must be attractive to equity investors if it 
is going to face the future with confidence, Mr. Cresap 
asserted: 

“We cannot assure the long-term health of the body 
of our industry unless we receive fair prices for our 


products—prices which permit reasonable profits 


FRANK H. ROBY 
Vice President—Sales 
Square D Company 


J. C. SHARP 
President and Gen. Mar. 
Hotpoint Co., Div. Gen. Elec. 
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Three Pioneers Receive 50-Year Certificates 


V. R. DESPARD 
Vice President 
Pass & Seymour, Inc. 


Mr. Despard’s career in the electrical 
industry began in 1907 when he was 
employed by the Mohawk Electrical 
Supply Co. of Utica, N. Y. For eight 
years he was Chicago sales manager 
for Pass & Seymour but left in 1919 
to form Vietor Machine Works which 
was later merged with McGill Mfg. 
Co., Valparaiso, Ind. He was vice 
president there for six years until 1927 


DANIEL J. O'CONOR 
Chairman of Board, Emeritus 
Formica Corp. 


Mr. O’Conor started his career as an 
engineering apprentice at Westing- 
house Electric & Mfg Co. at East Pitts- 
burgh, Pa., in 1907. The following year 
he transferred to that company’s re- 
search engineering department. In 1911 
Mr. O’Conor was named head of the 
process section of the Research Engi- 
neering Department and devoted him- 
self to the study of insulating ma- 


EDWARD F. SIXTUS 
Vice President 
Federal Pacific Electric Co. 


In 1906 Mr. Sixtus became an appren- 
tice for electrical engineers and con- 
tractors in San Francisco, repairing 
motors damaged in that city’s earth- 
quake and fire. Two years later Mr. 
Sixtus Pacific Electric and 
Manufacturing Co. (since 1954 known 
as Federal Pacific Electric Co.). Hi 
rise in position with the company was 


joined 


when he acquired an interest in Chi- 
eago Mica Co. and Fibroe Insulation 
Co., both of Valparaiso, later absorbed the use of 
by Continental-Diamond Fibre Co., 
Newark, Del. He returned to Pass & 
Seymour in 1930 as vice president and 
director. His first development was the 
Despard line of interchangeable wir- 
ing devices. During his career, he has 
been awarded over 70 patents in the 
electrical field. 


become a 


profits which enable us to support our research and de- 


velopment tradition, to generate funds for physical 
expansion and improvement, and to remain attractive 


to the investing public. 


Treasurer 


ws 
B. C. NEECE 


President 
Landers, Frary and Clark 


J. L. SINGLETON 
Vice President, Industries Group 
Allis-Chalmers Mfg. Co. 
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terials. Shortly after his first patent 
application was filed (1913), covering 
phenol 
resins in the manufacture of an insula- 
ting laminate. he left Westinghouse to 
partner 
Formica Insulation Co. He became 
president and secretary of the com- 
pany in 1935, and chairman of the 
board in 1954. Formica Corp. is now 


a subsidiary of American Cyanamid. 


rapid. He became a foreman in 1911; 
plant superintendent in 1916; vice 
president in charge of sales in 1926, 
and company vice president in 1954. 
Product 


formaldehyde 


standards, product develop- 
ment and user requirements for switch- 
a new firm gear have been Mr. Sixtus’ main in- 
terests throughout his career in the 
electrical industry. He was a member 
of the original NEMA Power Switch- 
ing Equipment Group which worked 
on development of standards. 


“This stress on reasonable price levels is not intended 
as a declaration which is self-serving to the industry. 
\ strong and growing electrical equipment industry is 
important to the national defense, to the electrical utility 
industry, to manufacturing industries generally, to users 
of electrical products in the home, and finally to em- 
ployes—both those now at work, and those who will 
join with us in the future.” he concluded. 

The continuing trend toward automatic production will 
create a $2 billion market for industrial control in 1958, 
it was estimated by A. C. Montieth, vice president, ap- 
paratus products, Westinghouse Electric Corp. Systems 
components he defined as both electrical and electronic, 
computers, instrumentation, testing and inspection equip- 
ment, motors, nuclear controls and radiation equipment, 
and industrial communications equipment. By 1965, this 
market will have grown to more than $5 
nually, he ventured. 


billion an- 


The need for this equipment is the rising worker 
deficiency created by an ascend 1g population trend pres- 
ently supported by a worker force born in the 30’s when 
the birth rate was low. Over the last eight years, we 


have thus been 1] 


million workers short. In another 


(Continued on page 318) 
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Simple Design 
for Reliability in 
Constant-Speed Drive 


\ NEW MECHANICAL constant-speed 
drive has been developed by the Ly- 
coming Division, Aveo Manufacturing 
Corporation, that is claimed to be more 
efficient, smaller and lighter than any 
comparable unit. The combination of 
rugged and simple mechanical drive 
elements with electrical controls re- 
sulted in a total design that offers re- 
liable operation, simple maintenance 
and an overall efficiency in the order 
of 92 to 95 per cent. The initial de- 
sign is for an airborne a-c generator 
rated at 20 kva. Extension of the op- 
erating principle to larger drive ca- 
pacities is contemplated, and numerous 
applications in the marine, automotive 
and industrial fields are expected. 
The outaway view, Fig. 1, and the 
diagram, Fig. 2, illustrate the principle 
of operation. The unit is a_ toroid- 
friction drive. The input concave toroid 
is rotated by the prime mover. Through 
friction, this turns the rollers which 
drive the output toroid. The angle of 
the rollers is changed by the control 
system to create the speed differen- 
tials necessary to maintain constant 
speed output with varying input speeds. 


foroid 


—Plonetory 


Control 
Sy s fe na 


Fig. 2 The mechanical elements of 


the constant-speed drive. 
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Fig. 1] 
erator of 20 kva rating. 


In the present model of the drive, out- 
put speeds of 6000, 8000 or 12.000 
rpm are provided by the planetary 
gears. A tachometer generator senses 
deviations from the selected output 
speed, producing a feedback signal 
that operates the control actuator 
clutches through a magnetic amplifier, 


Fig. 3 — The Lycoming drive with electrical control system. 
mounted on the top of the mechanical drive unit. 


TRENDS 


Cutaway of new Lycoming constant-speed drive, assembled to aircraft gen- 


as shown in Fig. 3. 

The present drive with the 20-kva 
aircraft alternator produces an output 
frequency stability of +14 per cent, 
steady state, at 400 cps, with an input 
speed ranging from 2300 to 8500 rpm. 
The continuous duty mechanical rat- 
ing of the drive is 30 hp. oO 


The control actuator is 
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Automatic 


Electrically Controlled 
Radiation Exposure 


System 


CONTROLLED IRRADIATION of small sam- 
ples of raw materials, products and 
processes for studying the effects and 
applications of ionizing radiation of 
known distribution, is now 
available in a completely self-contained 
automatic electrically operated system. 
Means for a 


energy 


preset time exposure 
cycle and for variable manually con- 
trolled distances from the source of 
radiation are provided. The unit has 
been developed by the Nuclear Systems 
Division, The Budd Company, Phila- 
delphia. 

The irradiator, named Hotrodder, is 
expected to 
government 


industrial and 
laboratories with a new 
and versatile means for observing the 
effects and applications of radioactivity 
on such important areas as the pro- 
duction of plastics and chemicals, and 
other materials, and the production of 
intermediate materials with enhanced 
physical and_ electrical properties 
safely. There is no need for any ex- 
terior shielding, 


provide 


auxiliary radiation 
monitoring and alarm systems, or spe- 
cial handling equipment. The Model 
A, first of a series of Hotrodders, is 
made of heavy stainless steel plate and 
is filled with pure, void-free lead. The 
stainless steel construction allows easy 
cleaning, particularly of the irradiation 
chamber. 

The Model A Hotrodder contains a 
cobalt 60 radiation source of up to 
25,000 curies within a single rod, 5 
in. diam by 17 in. long. The irradiation 
chamber holds a 
samples, 


sample, or several 
up to 10 in. diam by 10 in. 
long whose centerline is 7 in. from the 
radiation source. An additional design 
consideration of importance is the in- 
stallation of tubular access parts for 
connection of the sample to outside 
liquid, gas or electrical sources during 
irradiation. 

The rod shaped radiation source in 
the Model A Hotrodder allows greater 
versatility in flux configurations than 
does the conventional annular-shaped 
source. If the sample is rotated (as 
on a small turntable) in the irradiation 
chamber on an axis parallel to that 
of the source, the effect is essentially 
the same as though the sample had 
been placed in an annular source of 
the same strength and with a radius 
equal to the centerline separation be- 
tween the axis of the source and the 
axis of rotation. Thus, by varying this 
distance, the operator may vary the 
effective diameter of the corresponding 
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Cross section of exposure chamber of The Budd Company radiation exposure system 


showing rod-shaped radiation source and 


source. From information released by 
The Budd maximum 
surface dosage rate of a sample in the 


Model A 


gens per hr, (3 milliroentgens per hr 


Company, the 
Hotrodder is 50 milliroent- 


at 36 in. from the surface). 

The automatic features of the Model 
\ Hotrodder provide safety and sim- 
plicity in operation. The preset time 
eyele for irradiation is controlled by 
two timers, the time set manually into 
two dials, to give exposure times of 
from less than 1 min to 120 hr. Once 
the time cycle is set and the sample 
has been 


inserted in the irradiation 


lead-filled stainless steel construction. 


chamber, the operator pushes a single 
button on the control panel to energize 
the control basic 
60 ecvycles, is 


mechanism. The 
power source. 110 volts. 
utilized to move the sample into the 
irradiation chamber and closes the 
chamber door. The electrically oper- 
ated control mechanism then moves the 
radiation source into exposure position 
and at the end of the preset exposure 
time the cycle reverses. 

One of the more important 
features is that the radiation 
mechanism and the door of the irradia- 


fitted with both 


saltety 


source 


tion chamber are 


Sample holder about to be automatically inserted in irradiation chamber of radiation 
exposure system. Energizing button and preset time-cycle control dials are easily seen 
on control panel at upper left. 
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interlocks. 


removing the possibility of accidentally 


electrical and mechanical 
moving the source to the exposed posi- 
tion while the sample chamber door is 
open 


Precise Bearing Seats 
Achieved with 
Locking Inserts 


CLOs! POLERANCES between moving 


parts are of critical importance in the 
design of a new light-weight miniature 
tape recorder made by Dictaphone 
Corporation lo prevent the recording 


tape trom creeping up o1 


down on the 
tape drive wheel it - necessary to 
maintail plus on 
minus » deg between the vertical 


drive shaft and the horizontal plate 
in which the shaft is mounted. Sap 


phire jewel iri 


are used at each 
end of the shalt to provide a minimu 
of axial and radial friction resistance 
to rotation The jewel at one end 
of the shalt 1 rigi , mounted as at 
integral part of 1 recorder base 
plate The other is assembled to the 
triangular plate shown in photo and 


its assembly must. be ry precise and 


at the same time adjustable endwise. 

Originally, the jewel was mounted 
on a screw which was then inserted 
into a bushing in the plate and locked 
in place by a jamb nut. However. 
incorrect installation of the jamb nut 
often forced the bearing against the 
end of the drive shaft or caused too 
great an error in the alignment of the 
shaft. To solve the problem, Dicta- 
phone utilized a_ self-locking  wire- 
thread insert made by the Heli-Coil 
Corp. of Danbury, Conn. 

The 14-30 screw-lock insert is first 
installed in the bushing and the diam- 
eters of the two components are trued 
by a serew machine operation. The 
insert and bushing are then located on 
the mounting plate and fastened in 
place. The screw-mounted bearing is 
held securely in place in the screw 
lock insert by a grip coil near the 
center of the insert. This locking coil. 
circular, 


instead of being 


approxi 
mates a polygon in shape so that, as 
the bearing screw runs into the insert 
the coil is foreed into a cirele. The 
chords of the coil then provide a 
strong spring pressure on the screw 
giving a locking effect which is not 
lessened through repeated adjustments 


lox ked 


may be readily disassembled by apply- 


or disassemblies. The screw 


ing breakaway torque approximately 
equal to that used at assembly. 
The serew-lock inserts are made of 


18-8 stainless steel wire having an 
200.000 
psi. They conform with all applicable 


military specifications 


ultimate strength of about 


yon 


Insert 


Bushing 


Bearing screw 


4 grip coil in the insert provides an accurate but adjustable means of locking the 
screw-mounted jewel bearing in a tape recorder application. 
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Recorder Read-Out 


and 
Event Markers 


EVENT AND TIME MARKING and digital 
conversion read-out for standard strip- 
chart recorders have now been made 
possible by Royson Engineering Co.., 
Hatboro, Pa. The new and versatile line 
of chart marking devices was developed 
by adapting the ball-and-disk integra- 
tor principle to recorders. For integrat 


Royson strip-chart edge-marker for con 
tinuous conversion of chart reading to 
digital equivalents in the form of density 
of pips inscribed on the right edge of the 
chart. This is accomplished by solenoids 
in the marking device actuated by pulses 
from the integrator mounted inside the 
recorder. Every tenth mark is reversed 
for ease of reading. This type of integra- 
tor and marker is necessary when con- 
version is required during the entire 
chart run rather than at arbitrary in- 
tervals. 


Printing time-clock marker for strip-chart 
recorders. Lpon receiving a signal, the 
date and time to the nearest minute is 
recorded directly on the chart, the date 
and time wheels being automatically ad- 
vanced. A similar marker is available to 
print chart labelling information consist- 
ing of a maximum of 24 characters, num- 
bers or letters, upon receiving an event 
signal. Up to six independent markings 
ean be incorporated in this device. 
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In laboratory work it is often desirable 
to make a mark on a strip to indicate 
some event while the record is being 
made. A Royson field conversion kit 
will adapt the pen of a standard re- 
corder so that the pen will make a ver- 
tical jog when energized by an event 
signal. 


Integrator adapted to electronic strip 
chart recorder. The cam is operated by 
the recorder balancing motor through the 
large gear, the position of the cam thus 
being an indication of the pen reading. 
The number of contact closures per min- 
ute on the output is determined by the 
synchronous motor speed, the gear train 
ratio between motor and integrator, and 
the cam position. These pulses may ac- 
tuate a direct reading counter or an avail- 
able printing device which will print the 
total directly on the chart. 


Tl aeeei-alle 


rere shee 


“a 


a al Teed c 
a i 

/ " ¢ 
oven re 


we 


Card printer consisting of a number of 
the basic Royson printing units com- 
bined in a single assembly. This par- 
ticular combination consists of four in- 
dependent printing counters, a time and 
date stamp, a sequential numbering 
stamp and two sets of print wheels that 
print the positions of two potentiometers. 
All of this information is printed on a 
card for permanent record, the printing 
taking place automatically as a ecard is 
inserted in the device. 
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ing against time a synchronous motor 
is provided and to integrate against 
inches the chart drive is used. Some of 
the many read-out methods possible in- 
clude a visual counter operated by elec- 
trical pulses obtained from output con- 
tacts, a means for printing in digital 
form directly on the recorder chart, and 
conversion of electrical pulses into pips 
along the edge of the chart with pro- 
vision to draw every tenth pip in the 
opposite direction to facilitate the read- 
ing of the record. Several of these vari- 
ations are illustrated. Field and shop 
installation can be handled for most 
commercially available recorder models 
by means of the available kits. 


Selecting 
Insulating Varnish 


To Cut 
Motor Failures 


Drastic curs in field failures due to 
the flexing and shifting of motor ar- 
mature or field windings can be ac 
complished by the selection of the 
proper insulating varnish and applica- 
tion procedure. 

In order to hold wires in place, an 
insulating varnish having a high bond- 
ing strength must be used to secure 
the wires and must be able to pene- 
trate all the way through either arma- 
ture or field windings to close up 


spaces between the wires. allowing 
them no space for movement. Besides 


holding and filling properties. the var- 


nish should be tough enought to with- 
stand abrasion during assembly and 
operation to prevent degradation of its 
wire holding and insulating properties. 

Field failures due to wire movement 
in high speed armatures were traced 
by the Portable Electric Tool Com- 
pany, Chicago, directly to the varnish 
being used to impregnate armatures for 
electric drills, polishers, sanders and 
hand saws. By changing one of the 
least expensive components of the 
motor, the insulating varnish, an esti- 
mated 25 per cent decrease in field 
failures due to armature wire move- 
ment was achieved. 

Test coils at Portable Electric Tool 
ire cut in two, both across the wind- 
ings and with them, to determine the 


bv 


imount of impregnation achieved 
the varnish which, to a large extent, 
helps determine the effectiveness of the 
varnish in securing wires against the 
effect of centrifugal force. 

Motor failures are frequently the re- 
sult of an baking cycle 


resulting from poor varnish 


insufhicient 
control 
methods. In one company, investiga- 


tion of test armature failure after 
short-time test runs showed that the 
varnish at the interior of the arma 
ture was not completely cured, allow- 
ing the wires to move enough to wear 


Although the 


baking period used was that 


through the insulation. 
recom- 
mended for the varnish, the only way 
to proper curing seemed to be a longer 
baking time. 

Tests on the varnish itself. however, 
indicated that the viscosity and per 
normal 
back to 


proper viscosisty, the varnish cured in 


cent solids was above the 


specification. After thinning 
the recommended time. Scheduled qual- 


ity control checks on the varnish in 


Sample armatures from each finished batch cut open across the windings to determine 
the penetration achieved by the varnish. Good impregnation and holding power is 
needed for these armatures due to high speed of the motors. Source: Irvington Di- 
vision, Minnesota Mining and Manufacturing Company. 
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dip tanks prevented further failures 

Although thorough impregnation and 
a complete cure are of vital impor- 
tance to the motor manufacturer, so 
is the build-up of varnish film on the 
outside of the windings. To achieve 
this build-up, a second dip is fre- 
quently used and some manufacturers 
use three and more. The thickness of 
the film on the exterior of the wind- 
ings to some extent determines the 
firmness with which the windings are 
fastened down and also gives physical 
protection to the magnet wire and its 
fragile insulation. 

One company using three dips is the 
Signal Electric Division of King Seeley 
obtained 
from the triple dip is necessary for 


Corporation. The build-up 


armature windings on electric saws 


and drills to 
force set up by speeds of 22000 rpms. 


resist the centrifugal 
The first dip is made for impregna- 
build-up on 
Impregnation 


tion and the others fo 
the armature windings. 
is tested by cutting the armature and 
prying wires from their slots to ex- 
\rmatures 
electronic 


pose any gaps or airholes. 
are further tested on an 
drop tester which uses a potential of 
15 volts at 4000 cycles to check for 
reversed coils and shorted turns, and 
by the usual growler test and high 
voltage dielectric strength test. 
When motor sizes increase, wire 
movement in armatures can be ex- 
pected to increase proportionately, and 
in the larger motors the problem of 
within the field 


windings becomes more apparent. 


movement of wires 


In larger motors, the electrical forces 
produced show stresses visible to the 
naked eye under the proper conditions. 
When the fields within the three phase 
windings are activated, there is a lag 
speed of the 
armature’s 


between the revolving 
phases and the rotating 
speed. This difference in speed sets up 
stresses which tend to flatten one side 
of the field windings and elongate the 
other. 

\s the armature picks up speed and 
nears synchronization with the field, 
the deformation produced by the 
stresses becomes a visible shock wave 
slowly revolving around the circum- 
ference of the end coils. The distortion 
more and 
slowly until it finally disappears as 


the armature and the field reach syn- 


of the coils moves more 


chronization. 

Because these forces are magnified 
in proportion to the size of the motor, 
the ability of the impregnating var- 
nish to prevent the windings from 
moving becomes 
tant. 


In order to hold wires fast in the 


increasingly impor- 


164 


windings, it is necessary to impreg- 
nate them with a varnish having a high 
degree of penetration to fill in all the 
interstices between wires throughout 
the entire coil. This ability to pene- 
combined with high 
bonding strength between the varnish 


trate must be 


resin and the wire to prevent the con- 
ductors from pulling loose under the 
forces set up within the windings or 
from the mechanical vibration of the 
running motor. Frequently such motors 
are expected to perform well in the 
presence of chemicals, dust and _ fly- 
ing chips, necessitating a tough var- 
nish that will not be chipped by fly- 
ing particles blown over the windings 
by the motor’s cooling fan. To meet 
these operating conditions the build- 
up on the windings is important. Re- 
extra 


sistance to abrasion is also 


insurance against damaging fragile 
magnet wire during motor assembly. 

The material used for these impreg- 
nation and bonding applications is No. 
made by the 
Division of Minnesota Mining and Man- 


ufacturing Company. It is a clear oleo- 


140 varnish Irvington 


resinous thermosetting baking varnish. 
for use on motors operating at high 
peripheral speeds or under severe: vi- 
bration. It is a light amber varnish 
with a specific gravity of 0.909 at 30 
C, contains 50 to 52 per cent solids, 
and has an average short time dielec- 
tric strength of 2500 to 2700 volts per 
mil. Its recommended curing time is 
6 to 8 hr at 220 F, 4 to 6 hr at 250 F, 
or 2 to 4 hr at 275 F. 
scribes it as highly resistant to oil 
moisture, acid, alkali, and heat. 
Many manufacturers fail to give 
varnishes the 


Irvington de- 


proper consideration, 


feeling that since varnish represents 
such a small portion of the per-unit 
cost of the motor, research and investi- 
gation can more economically be con- 
ducted on some other production phase. 
In spite of its relative unimportance 
in price. the correct varnish, properly 
used under carefully controlled condi- 
tions, has proven to be extremely im- 
dependable, 


portant in insuring a 


trouble-free electric motor. 


Silicone Rubber 
Insulating Compounds 
In Refrigeration 


Two NEW SILICONE rubber compounds, 
General Electric SE-740 
and SE-975, are being used by the 
Springfield Wire and Tinsel Company, 
Springfield, Mass., respectively on spi- 


Company’s 


ral wound tinsel heating elements and 


General Electric SE-975 silicone rubber 
extruded insulation on lead wires. 


High-precision printed wiring reproduction is obtained by use of a “custom” 12-ft 
drawing board and special drafting tools. This special equipment was created by 


Electronics, Inc. of Willow Grove, Pa. to achieve the utmost accuracy on large-scaled 
drawings and to assure a high standard of accuracy in the final production of printed 
wiring boards. The board includes an aluminum straight-edge at the base. Phenolic 
strips 18-in. long in various depths are used as ruling blocks in conjunction with 
commercially available parallel straight edges modified with adjustable clamps. ¢ 


ELECTRICAL MANUFACTURING 





4 Ways Better... 


fogs 


SILICONE RUBBER 
Tubing and Sleeving 


GREATLY 
ENLARGED 
end of Varglas Sili- 
cone Rubber Tubing 
shows design that 
permits knotting, 
bending and twist- 
ing to meet extremes 
of temperature while 
retaining its dielec- 
tric strength. 


WON’T CRACK, PEEL 
OR CRAZE 


GREATER FLEXIBILITY 


HIGH DIELECTRIC RETENTION 


LONG LIFE CUTS 
REPLACEMENT COSTS 


THERMAL PROPERTIES: 

Heat aging: 1000 hrs. at 250°C 
without appreciable change in 
physical or dielectric properties. 


FLAMMABILITY: 


Self-extinguishing, when tested 
in accordance with ASTM and 
NEMA procedures. (NEMA Ac- 
ceptance Test). 
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ABRASION RESISTANCE: 


Durable and extra tough. With- 
stands unusual rough handling 
at all times. 


CHEMICAL INERTNESS: 


Has good resistance to all oils, 
alcohols, dilute acids and al- 
kalis. Fine water resistant 
qualities. 


Twist, bend, wrap or knot it and this tubing remains pliable 
and efficient, even under the most severe operating con- 
ditions. Send for free samples today. 


SALES CO., INC. 
Luulation 
SPECIALISTS 

Rome, N. Y. 
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FLEXIBILITY: 


Unaffected throughout life of 
tubing. Stays flexible from 
minus 90° F. to plus 600° F. 


FUNGUS RESISTANCE: 


Inert. No fungus growth was 
visible at 40 x magnification 
after 28 days incubation under 
“ideal” surroundings. 


VARFLEX SALES CO., INC. 
» 504 W. Court St., Rome, N. Y. 


Please send me sample with Bulletin and Prices 


Oe 
Title , 


Company — 


Street 
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extruded lead wire insulation in re- 
frigeration units. 

Silicone rubber compounds of these 
latitude in 


evaporator and box design of refrigera- 


types are allowing greater 
tion units because of minimal moisture 
damage in thermal and electrical in- 
sulation and in ease of assembly pro- 
flexibility 


cedures because of greater 


of these materials. 


Electrostatic Charge 
Adds New Accuracy 
to Meter-Relay 


THE CONTROL OF TEMPERATURES to 
within 1 deg F can be 
simplified proportioning 
control, developed by Assembly Prod- 
ucts, Inec., of Chesterland. Ohio. The 


new control (Fig. 1) takes advantage 


maintained 
with a new 


ot the positive action provided by the 
locking contacts of a standard meter- 
relay. but the use of an electrostatic 
contacts 
a leveling off at the top tem- 


attraction between the relay 
permits 
perature limit to prevent overrunning. 

The circuit of the new unit is shown 
in Fig. 2. A rectifier supplies 300 volts 
d-c to the heater relay CR through a 
cam-operated switch driven by timer 
motor M. A normally open contact of 
CR closes the circuit to supply a-c to 
evcle which is 
dependent on the shape of the timing 
cam. When the timing 


to energize the heater 


the heater on a duty 


switch closes 
relay, point A 
on the meter relay receives an electro- 
static charge equal to the potential at 
the top of the CR coil. However, each 
surge of d-c through resistor RI also 
places a charge on capacitor Cl and 
this charge builds up as the heating 
cycle is repeated. 
The meter-relay. operating on the 
principle of the “Simplytrol” 
made by the same company, contains 


basic 


a moving coil armature with a pointer 
(B) rotating in the flux gap of a 
permanent Mounted on_ the 
contact 


magnet. 


pointer is a which. when 


the prescribed temperature 


limit is 
reached, strikes a second contact (C) 
which is stationary. When the contacts 
meet, they are held together by current 
through a locking coil which is wound 
on the same form as the signal coil. 
This additional 


effect of 


torque also has the 
loading a spring on the 
pointer so that. when the coil current 
is interrupted, the contacts are kicked 
apart with an 


action that prevents 
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Fig. 1—The Assembly 


Products Model 200 


Temperature Control operates on the 


meter-relay principle to control temperature to within | deg F. 


sticking. The electrostatic 
contact 


charge on 
{ exerts a force on B so that 
an anticipated or premature closure 
of the contacts is accomplished before 
the limit point is reached. The d-c sup- 
ply to the coil of CR is thereby 
grounded through A and C, and the 
relay cutting off the a-c 
supply to the heater. 

The farther the indicating 
of the meter-relay is 


drops out 


pointer 
from the limit 
when the instrument is turned 
on, the 


point 


and, 
similarly. the larger is the electrostatic 


longer the heat is on 
charge built up on contact A. The con- 
tacts then come together even sooner 
than normally to prevent the cumula- 
building up too far. 


tive heat from 


Originally designed for the control 


of temperatures in the 
200 to 


from 
13000 F, the new units may 
also be used to monitor many other 
variables with precision. Meter-relays 
can be obtained which will operate in 


range 


the range from 10 microamperes to 50 
amp. Temperature readings of the new 
control are transmitted directly 
the thermocouple to the 


from 
meter-relay 
without the drift or distortion often 
encountered in amplifiers. The thermo- 
couple signal is continually 
and the limit point may be easily ad- 


rec ely ed 


justed. The control contains a_ safety 
feature in that the heater relay must 
be energized to supply current to the 
failure in the cir- 
cuit will cause the relay to drop out 


heater. so that any 


and interrupt the heating. 
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Cumulative overheating is prevented by the premature pull-in of the meter- 


relay contacts due to an electrostatic charge built up on contact A. 
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PROGRAMMER 


e reliable 
e rugged 
e long-life 


@® Guardian offers this new, compact, rugged, long-life, highly reliable 
Programming Stepper which meets and exceeds MIL-S 25259 (Proposed). 
Approved and used for control of guided missile and in-flight equipment, it is 
available now for a wide variety of control engineering projects including 
automated production systems, machine tools and industrial products. Use it 
singly, or in combination with Guardian relay matrixes, control banks and in 
complete control assemblies as the “heart’’ of your unit. Open or sealed, it 
operates under extreme temperatures, high altitude and severe vibration or 
shock. Carries 8-12-18 or 24 points sealed or unsealed; up to 16 wafers and 
unlimited switching arrangements. 


MORE POWER is distributed by the unique design of the ratchet mechanism. 
LESS SPACE required to make your product more compact, more efficient. 


Thousands of Variations in Guardian’s Complete Stepper Line 
Leas 
2: Ss 


4 


fae) fA 
ego ° 2 eur e 
‘ P.E.R. M.E.R. : P.C. RAs 
ELECTRICAL RESET ELECTRICAL RESET 


CONTINUOUS ROTATION CYCLING RATCHET ADD AND SUBTRACT 
STEPPER MIDGET STEPPER STEPPER MIDGET STEPPER STEPPER 


Wnile for details on Guardian's Programmer and for Stepper Bulletin P-84 


GUARDIAN 7 ELECTRIC 


MAN UF ACT URIN G Cc OM PAN Y 
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DESIGN TRENDS 


Use of Vinyl Plastic 
for Low Frequency 
Infrared Radiation 


AN ETCHED ALUMINUM.) FOIL CIRCUIT 
that heats a vinyl plastics facing, caus- 
ing it to emit low frequency infrared 
ravs, has been designed into a new 
radiant heating 


type ot domestic 


Arvin Industries.  Ince.. 
Columbus, Ind. 


Production of the 


screen by 


etched circuit 


Fig. | 


and radiator assembly is accomplished 
in four basic steps. The aluminum foil 
is laminated to a 2-mil thick sheet of 
Mylar, Du Pont’s dielectric polyester 
film rated at 4000 volts per mil with 
a melting point of 450 F. The etched 
circuit is laminated between a_ low 
thermal conductivity backing and a 
14-mil thick sheet of vinyl plastic. This 
heating element is finally sealed inside 
a decorative panel and terminals are 
then bonded in place. 

The circuit heats the vinyl facing 
to 70 F above room ambient tempera- 
ture with a thermostatically controlled 


safety tactor screen 
exceeding 150 F. 


Thus it never feels hot to the touch 


preventing the 
temperature from 


Three-panel hinged infrared radiation screen with black quilted vinyl front 


designed by Arvin Industries. All controls are on center panel. On-off switch and pilot 
light are at top of center panel and plug-in unit at bottom. 


Electrical parts of radiant heat screen: 
Interconnecting cord and panel cups 


Terminal connectors 

Printed circuit heating element 
Thermostatic overheating control 
On-off switch 

Pilot light 


nor can it cause burns or scorching of 
the skin. 

The complete heater has been de- 
signed as a decorative 3-panel dressing 
room screen or room divider. It can be 
folded to a width of one panel 3 in. 
thick for easy storage and transporta- 
tion. A feature of the folding 3-panel 
design is that the heat rays may be 
focused directly on the object or per- 
son indicated. Operates from a _ 110- 
volt, 60-cycle 


sources. 


Controlled Torque 
for Fragile 
Screwed Assemblies 


THE RUNNING OF STEEL CAP SCREWS 
into threaded parts of soft metals such 
as aluminum and bronze has always 
been a production 
Such operations very often are accom- 
plished with conventional air-powered 
wrenches. If the power tool is held 
on the screw too long however or if 
it develops too high a torque, the 
threads on the soft metal will be 
stripped. To torque control 
and reduce parts spoilage, Ingersoll- 
Rand has developed the Torque Con- 
trol “Impactool” to take the place of 
the conventional air wrench. The new 
tool can be set to a desired torque so 
that it shuts off automatically when 
the nut or cap screw is tight enough. 

Nine Impactools have recently been 


major problem. 


achieve 


Cut-away view of laminated sections in screen: 


Vinyl back covering 

Insulating support board 

Heating element 

Textured vinyl plastic front surface infrared emitter 
Thermostat slot 

Thermostat slot insulator 


Thermostat 
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When you need 
Reliable Control 


of Intermittent Operation 


Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 
Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 
YOu need Time delay characteristics are fixed and tamper- 


proof. 


Adlake Relays are quiet, chatterless and require no 

maintenance whatever. 
oe —lh If you have a control problem, our engineers will be happy to 
help you solve it. There’s no obligation. Write The Adams 
& Westlake Company, 1168 N. Michigan, Elkhart, Indiana. 


the Adams & Westlake company 


NEW yorK ELKHART, INDIANA CHICAGO 


original and largest manufacturers of plunger-type relays 


| 
| 
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DESIGN TRENDS 


installed in the new plant of General 
Electric’s Industry Control Department 
at Roanoke, Va. The tools, used on a 
contactor assembly line, are set to de- 
liver 22 ft-lb. Figure 1 shows the as- 
sembly of the contact supports to the 
main shaft where six 1%-in. 13 x 2 in. 
cap screws are run into threaded alu- 
minum bushings in the contact sup- 
ports. In Fig. 2. large cerami 
insulators are attached to the blowout 
assembly by running steel bolts into 
aluminum inserts. The assembly of the 
shunt support to the bronze arcing 
horn is accomplished in Fig. 3, and 
Fig. 4 shows the attaching of phenolic 
guide blocks to the interlock assembly 
with steel cap screws 


Modern Breadhboard 
Saves 
Development Time 


A NEW DEVELOPMENTAL circuit as- 
sembly technique is based on the use 
of conductive “cells” or “pockets” into 
which component leads or jumper 
wires can be readily inserted and left 
unsoldered. An application of the new 
method is a Circuit Board manufac- 
tured by Van-Dee Products, Laguna 
Beach Calif. The board shown in the 
illustration is covered with a_ white 
elastic material imprinted with a grid 
pattern. The grid lines only serve to 
locate the individual conductive cells 
and do not enter into the circuitry. 
The exception to this is the line of 
13 cells across the bottom; these are 
internally connected to form a com 
mon ground bus 

The elastic covering is cut at each 
intersection of the grid to allow easy 
insertion of component leads into the 
conductive pocket below. This method 
prevents the loss of conductive material 
and at the same time provides a 
method of firmly gripping the indi- 
vidual wires, thus holding the cir- 
cuitry in place 

The grid lines help to organize the 
breadboard circuit into the two-dimen- 
sional pattern used in printed circuit 
design. In addition, the white surface 
of the circuit board may be marked 
by a grease pencil to show the elec- 
trical values of components and reduce 
the chance of error in the translation 
between schematic diagrams and bread- 
boards. O00 


Fig. 1—“Impactool” is used to assemble Fig. 2—Automatic tool w 
contactor parts by running steel cap preset maximum torque 


ill not exceed 
in attaching 


screws into aluminum bushings. insulators to blowout assembly. 


Fig. 3—Here steel screws are run into Fig. 4—Phenolie parts will not crack due 
bronze parts using “Impactool.” to excess torque with tool that shuts off 


at controlled maximum. 


Printed “Circuit Board” uses conductive cells into which leads can be pushed. 
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The BODINE line — 
a complete line of fractional hp motors 


Over 3500 standard motors—built to order—only 12- to 16-week delivery 















... for blowers, pumps, coin-handling 
units, communication equipment, 
therapeutic devices, sound-recording 
and reproducing equipment, machine 
tools, and similar applications 
BODINE TYPE N MOTORS 


These motors are available in three basic § 
sizes the smallest 33/g” in diameter .. 
the largest 51/2”. Almost any type wind- 
ing. Standard ratings from 1/150 to 1/6 
hp at 1725 rpm 


BODINE SPEED REDUCER 
MOTORS 


...combines motor and speed reducer in one 
unit, eliminating all cumbersome and 
complicated speed reducer transmissions such as 
belts, gears, and chains 





























..single or double 
reduction speed reducers 
for transmitting low 

torques over a wide range 
of speeds. Height, 35/3” 










Write for bulletin “S’’ 





...double worm-gear 
reducer to deliver 
moderate torques at low 
speeds. Height, 43/,” 


...for instruments, timing devices, 
control apparatus, and related 
equipment 

BODINE TYPE K-2 MOTORS 


Available with and without speed re- 
ducers. Model without reducer ideal for 
equipment requiring relatively low out- 
put. Overall height only 23/g”. Instantly 
reversible. Can be stalled indefinitely 
Synchronous or non-synchronous. Nor- 
mal 60-cycle output ranges from 1/2000 
to 1/500 hp on continuous duty. 
Models with parallel shaft speed re- 
ducer have high starting torque of not 
less than 150% of full load torque at 
room temperature. Quickly reversible 
under load. Synchronous or non-syn- 
chronous. Drive shaft speeds range from 
300 to 0.7 rpm...torque ratings from 


1.3 in. oz. to 120 in. oz 
en 

























































single reduction, right 
angle worm gear reducer to 


deliver moderate torques 
Height, 47/g 









Write for bulletin 1024A 
...for speed reducer 
models, bulletin 1023B 









...for use in office machines, auto- 
matic phonographs, circulating 
pumps, air conditioning equipment, 
and similar applications 

BODINE TYPE U MOTORS 


U" type motors are available in 1/20 
and 1/15 hp at 1725 rpm...and in 1/30 
hp at 1125 rpm. Diameter 43/g”. Split- 
phase construction. Resilient mounting for , 
quiet operation. Thermal overload me 









tection. 


Write for bulletin 1028 [sues 
rm viletin ae m 


265 different stock types and sizes ready for fast shipment! 


BODINE ELECTRIC CO., 2256 W. OHIO ST., CHICAGO 12 


— aye 


MOTORS 


j 7 17 
.--the power behind the leading products See TIE: on gongs 






Write for bulletin 1022B 


Ld 


Pew 
Components 
ana Materials 


A staff compilation of the latest developments . . . screened for 


design-in use in electrically operated end products . . . complete 


with all released specifications and available application data. 


DRIFT TRANSISTOR FOR 
VHF APPLICATIONS 


The 2N384 is a hermetically sealed 
drift transistor of the germanium p-n-p 
type designed primarily for 
and industrial use as an 


military 
oscillator 
up to 250 me or as an r-f amplifier 
in mobile communications equipment. 


The 2N384 also has wide application 
as an i-f amplifier and low-level video 
amplifier in entertaining-ty pe receivers, 
and as a pulse amplifier and high- 
speed switching device in electronic 
computers, 
The 2N384 
of 250 me for unity power amplifica- 
tion, an alpha cutoff frequency of 100 


me, a collector transition capacitance 


features a_ frequency 


of 1.3 puf, a base resistance of 50 
ohms, and a dissipation rating of 120 
mw at 25 C and 35 mw at 71 C. In 
a unilateralized common-emitter  cir- 
cult, it can provide a power gain of 
15 db at 50 me and 30 db at 10.7 me. 

The transistor features a base region 
in which the impurity distribution is 
carefully controlled to produce a built- 
in accelerating field. As a result. the 


172 


base resistance and the collector transi- 
tion capacitance are reduced and per- 
formance at higher frequencies is im- 
proved. 

Another design feature is the use 
of shielding to interlead 
capacitance and to minimize coupling 
to adjacent circuit components. The 
shielding is provided by a fourth lead 
situated between the collector lead and 
the emitter lead and internally con- 
nected to the metal case. Semiconductor 
Div.. Radio Corp. of America, Somer- 


ville, N. J. 
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MINIATURE A-C MOTOR 
FEATURES 60 IN.-OZ RATING 


Permanent magnet synchronous motor 
Type 117 Form H rated 60 in.-oz at 
1 rpm is designed for application in 
high speed controllers, counters and 
metering devices. Type 117 Form H 
is offered in speeds from 72 rpm to 


2 rpm. The motor features low input 


(2.5 watts) small size (1%e6 in. depth) 
and a maximum temperature rise of 
go..<. 

Reaching synchronous speed within 
2 cycles of power line frequency, Type 
117H also provides instant stop due to 
low rotor speed (240 rpm on 60 
and magnetic braking effect. 
This accuracy is utilized through the 
precision gear train composed of all 
hobbed gears and steel pinions bearing 
on high carbon steel studs driven into 
heavy gage brass plates. 

Oilite rotor bearings with a built-in 
lubricant permanent gear 
train lubrication, bronze output shaft 
bearings with steel ball thrust bearing, 
and stainless steel output shaft, all 
provide maximum service life. 

Capable of operating in any position, 
the motor is available for either left 
or right rotation in all speeds. External 
finishes are hot tin dip and cadmium 
plate protected by clear Iridite. 


cycles) 


reservoir, 


Type 117H is available for operation 
on a-c power sources up to 250 volts, 
60 and 50 cps. Cramer Controls Corp., 
Box 8, Centerbrook, Conn. 
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PULSE RELAY SELECTS 
ALTERNATE CIRCUITS ON 
SUCCESSIVE IMPULSES 


The PC is a single-coil impulse latch- 
ing relay that employs an armature 
driven rocker-type actuator to transfer 
one to four SPDT snap switches. This 
is accomplished by a pusher rod in- 
serted through flanges in the armature. 


The rod is bent down and back so that 
the lower end fits in an inverted “V” 
notch in the center of the actuator. 
Slots are provided at both ends of the 
actuator for the longer segment of 
a two-piece contact spring. The long 
and short segments of each spring are 
pivoted at their junction and fastened 
by a helical spring, creating a “V”- 
type pivot that moves both ends of 
the contact springs in the same direc- 
tion when the actuator 
switch. 

The travel of the long and_ short 
contact spring segments and the actua- 


snaps. the 
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‘““MYLAR” offers a unique 
combination of properties 
valuable for electrical design 


HIGH TENSILE STRENGTH. “Mylar” 
is the strongest plastic film. Instron tester 
shows an average strength of 20,000 lbs. psi 


HIGH DIELECTRIC STRENGTH. Aver- 
ige of 4,000 volts per mil average power 
factor of 0.003 to 60 cycles . . . dielectric 
constant above 3.0 at 72°F., 1,000 cycles 


mates sige oor ee 


THERMAL STABILITY. “Mylar” has 
an effective operating range from -80° to 
300°F. won't become brittle with age. 


Core binder tape made with Du Pont MYLAR* helps 
Western Electric speed production of communication cable 


PROBLEM: Western Electric’s new 
long-life, high-dielectric communica- 
tions cable posed a challenging prob- 
lem for production engineers. The 
problem was this—how to efficiently 
extrude an outer jacket of polyethyl- 
ene without fusing the inner pairs of 
wires also coated with polyethylene. 


SOLUTION: Afterextensive tests with 


BETTER THINGS FOR BETTER LIVING 
..»« THROUGH CHEMISTRY 


DU PONT 


MYLAR 


POLYESTER FILM 
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combinations of materials, a tape of 


Du Pont ‘‘Mylar’’* polyester film and 
rubber was selected to act as a heat 
barrier. 

RESULTS: Western Electric reports 
that abrasion-resistant ‘‘Mylar’’, 
with its hard, durable surface, helps 
the core binder tape run smoothly 
on its equipment without snagging 
or tearing. Because of its high tensile 
strength and melting point, ““Mylar’’ 
helps prevent corrugations of the 


E. I. du Pont de Nemours & Co. (Inc. 


electrostatic aluminum shield from 
breaking through the tape and short- 
ing the cable. 

HOW CAN “MYLAR” HELP YOU? 
Whether you make guided missiles 
or tiny components, you may be able 
to capitalize on the outstanding com- 
bination of properties found in tough, 
transparent ‘‘Mylar’’ film. For a 
booklet containing technical data 
plus information on successful appli- 
cations, send in the coupon below. 


Film Dept., Room EM-12, Nemours Bldg., Wilmington 98, Del. 
Please send the new booklet listing properties, applications and 
types of ‘‘Mylar’’ polyester film available (MB-11) 


Application 
Name___ 

Company _ 
Address 
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select 
the right 
pilot light 


Johnson pilot lights 
immediately available 
for original equipment or 
in-the-field replacement! 


Save valuable specification time by 
selecting your panel indicators from 
Johnson's “preferred” line. This group 
contains over 47 separate assemblies 
carefully selected from Johnson’s stand- 
ard line by many of the nation’s top 
design and development personnel. 
Available in a wide variety of types, 
these “‘preferred”’ units are immediately 
available at parts distributors through- 
out the country, for original equipment 
or in-the-field replacement. Write for 
your free copy of Johnson’s newest pilot 
light specification catalog —see how easy 
it is to select the right pilot light . .. fast! 


Available types in- 
clude: continuous 
indication neon 
types; models for 
high and low volt- 
age incandescent 
bulbs; standard or 
wide angle glass 
and lucite jewels 
in clear, red, green, 
amber, blue or 
opal. Specials, in- 
cluding those 
meeting military 
specifications are 
also available in 
quantities, 


bemm meee ee eee ee wes eee eses= 


§. FF. Soh mson Compan, 


2013 Second 


Ave. S.W. e Waseca, Minnesota 
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tor is limited by stops acting on the 
segment of the contact spring. 
These stops are adjusted so the vertex 
of the “V” notch overtravels the pusher 
rod just enough to allow one side of 
the notch to move in line with the rod. 
When the relay operates, the rod 
travels down the notch and rocks the 
actuator to transfer the contact springs. 
When the relay de-energizes, the rod 
returns to 


long 


its original position; the 
contact springs are against their stops 
and the side of the actuator 
“V* notch is in line with the pusher 
rod. The next 
restores the 


second 


relay operation then 


contact springs to their 
original position. 


The pusher rod around the 


armature so 
that it does not bind along any part 
of its travel in the notch. 

Operating on a 9 watt, 


rotates 
axis parallel to the relay 


30 millisec 
pulse (d-c) the PC provides alternate 
pulse switching for on-off or reversing 
applications. Potter & Brumfield, Inc., 
Ind. 
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Princeton. 


MAGNETRON BEAM 
SWITCHING TUBES 


Line of magnetron beam switching 
tubes with high input impedance and 
ten individual constant current outputs 
can perform the functions of 20 or 
more transistors. 


with tubes, 


tubes or 
compatible 


They are 
transistors, 


Nixie numerl- 
cal indicators and other devices. 


cores, thyratrons, relays, 

This high vacuum electronic distri- 
butor has an estimated life span of 50.- 
000 
shock, 375 g: temperature 
—60 to 150 C: 
a speed up to 20 me. 


hours. Characteristics include: 
range ol 
vibration, 20 g; and 

Type 6700 operates between 75 to 
300 volts with a switching rate above 
2 mc, type 6701 from 12 to 25 
volts with a switching rate above 1 mc. 
Type MO-10R is the same as 6700, 
except that it has 10 internally mounted 
space load vacuum resistors to permit 
higher 
reduced 
stem leads. 


and 


operation at frequencies and 


with a number of external 


The beam switching tube is used in 
instruments, industrial control compu- 
ters, telemetering, radar and many mili- 
tary applications, as well as in the 
manufacturer's decade counter with a 
Nixie readout. Electronic Tube Div., 
Burroughs Corp., P. O. Box 1226, 
Plainfield, N. J. 
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SMALL 20-AMP STUD- 
MOUNTED 200 C SILICON 
RECTIFIERS 


Series of 20-amp stud-mounted 200 C 
silicon rectifiers are believed to be the 
smallest market for 
their There are 
comprise the 
ty pe-designated 


rectifiers on the 


current rating. four 
series; 


IN1301, 


types which 


JETEC 


1N1302, 1N1304, and 1N1306. They 
have peak inverse voltage ratings of 
50. 100, 200. and 300 volts. 

The rectifiers 
puter, airborne 


will be used in com- 


electronic equipment, 
and two-way radio power supplies, as 
well as in other power supplies where 
size, weight and high-temperature oper- 
ation are necessary. 

The rectifiers have a peak one-cycle 
surge current rating of 300 amp with 
operating currents up to 20 amp. Maxi- 
mum leakage current rating is 5 
Maximum full cycle average voltage 
drop at 10 amp at 200 C is 0.5 volt. 

The units have a 14 in., #28 stud 
below a standard “ge in. hex nut for 
mounting directly to a 


ma, 


powe! supply 
chassis. Semiconductor Products, Gen- 
eral Electric Co., Syracuse, N. Y. 
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ADHESIVES BOND TREATED 
TEFLON TO ITSELF, OTHER 
MATERIALS 


Three adhesives designated as Ray- 
BOND R-86004, R-86024 and R-81001 
permit the effective bonding of treated 
Teflon to wood, steel, glass, aluminum, 
copper, ceramics, plastics or any other 
material that will bond with an adhe- 
sive. 

The problem of attaching Teflon to 
other materials has been solved by 
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Master B-100 Portable Space Heater 


MANUFACTURED BY MASTER VIBRATOR COMPANY DAYTON, OHIO 


To accomplish compactness, simplicity and lower 
cost, this enclosed %4 hp., 3450 rpm split phase 
Robbins & Myers motor was specially designed 
to do two important jobs in the Master B-100 Port- 


ble Space H , 
; A os idl accommodates a direct m o f oC r d oO Se Ss 


driven fuel pump. The other end of the shaft drives 

a direct connected fan with an output of 430 cfm. 

A rigid foot mounting on the motor supports the d © U b I e a U t y 

entire assembly. : 
It’s a very simple solution . . . and that’s the 

point. Robbins & Myers engineers are constantly 

looking for ways to simplify power applications in 

our customer’s products. The results are greater 

dependability and a more saleable product at a 

lower cost. 
Robbins & Myers field engineers welcome the 

opportunity to discuss power problems within the 

range 1 /200 to 200 hp. Call the R & M representa- 

tive near you. He’s listed in the yellow pages. 


One end of shaft drives 
fuel pump attached to 4 ? Other end of the shaft 


special end mounting. drives a direct connected 


ROBBING ¢ MYERS... ~~ _ 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


aD ¥ ? ean a 
Motors Fans Moyn$Pumps _Propellat Yndustrial) 


Hoists ustrial) Fans 
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solves a 
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This special coin silver commu- 
tator was developed by Kirk- 
eelol- MEMES) hC-MRoM ol baila'] | meade 
ToT ee odode lM Me ath 
control mechanism of a diesel 
alee 


Perhaps we can solve YOUR 
problem next. Our engineers 
will work with you to develop 
new applications or new types 
of commutators to fit your need. 


STM Te Mil Me tie h ie 


Write for Catalog 3A 


KIRKWOOD 


COMMUTATOR CORP. 


OVER 25,000,000 NOW IN USE 
PLES KD eae ee) 
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the development of a special treatment 
which etches the surface to make it 
accept adhesives. Depending on the 
application, either one or both surfaces 
can be treated for bonding. 

Of the three adhesives, R-86004 is 
recommended where maximum chem- 
ical resistance is required. R-86004 
is a thermosetting, two-component 
(base and activator) adhesive which 
can be cured at room temperature. Test 
pieces of etched Teflon bonded to steel 
show a peel strength of 24 |b per 
linear in. at room temperature and 7 
lb at 300 F (maximum temperature at 
which it can be used). 

R-86024, also a thermosetting, two- 
component adhesive, can also be cured 
at room temperature. Costing less than 
R-86004, it is recommended for bond- 
ing of Teflon for dry applications. Peel 
strength of Teflon bonded to steel with 
R-86024 is 17 lb per linear in. at room 
temperature and 134 lb at 300 F. 

R-81001 is a thermosetting adhesive 
recommended for bonds that must en- 
dure heat or must be flexible. It will 
resist temperatures to the limit for 
Teflon and can be used to bond assem- 
blies subject to temperatures up to 400 
F for prolonged periods. Complete cures 
are obtained at 325 F for 15 minutes, 
370 F for 10 minutes or 400 F for 5 
minutes. Peel strength of Teflon bonded 
to steel with R-81001 is 16 lb per linear 
in. at room temperature and 3 |b at 
300 F. This bond will resist attack by 
oil and solvents. Adhesives Dept., Ray- 
bestos-Manhattan, Inc.. Bridgeport 2, 
Conn. 
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TRANSISTORIZED RELAY 
REQUIRES ONLY 2 MICRO- 
WATTS OF POWER 


Transistorized micro-sensitive relay 


Type 160 features sensitivity down to 
2 pwatts. It can be used in many 


applications without requiring mag- 


‘thtRar oceanic Od 
Hy AL AUTOMATIC “og 
“TAIN. view, NEW 

i NOING 


netic amplifiers. Designed for d-c ap- 
plications, these relays can pick up as 
low as 20 pamp at 100 my. Contact 
combination is from SPST through 
1PDT. 

The transistor is self-enclosed within 
the relay case. Power source may be 
either external or internal. The in- 
ternal source is battery-powered, using 
miniature mercury batteries packaged 
within the relay enclosure. Incorporat- 
ing a thorough wiping action, the relay 
has an expected life well over several 
million operations. The wiping action 
has the advantage of minimizing the 
bounce and chatter at normal operating 
voltages. 

Contact capacity is 1 amp, inductive 
or 3 amp resistive at 115 volts a-c or 
29 volts d-c. Available coil resistance 
is up to 30,000 ohms. Contact material 
may be either silver, palladium, silver 
palladium alloy, silver cadmium oxide, 
or gold alloy—the latter used for low 
level applications. Relays are available 
in either hermetically sealed dust cover 
or open. Headers are either plug-in, 
solder lugs, or variations according to 
customer’s specifications. Available in 
round or square cans. Round cans are 
114 in. diam and either 234 in. or 344 
in. high. Square cans are 11% in. square 
and either 2%4 or 314 in. high. General 
\utomatic Corp., 12 Carlton Ave.. 
Mountain View, N. J. 
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SOLENOID REQUIRES NO 
TOOLS TO REPLACE COIL 
Series “S” solenoids are a line of a-c 
short stroke industrial solenoids that 
are interchangeable for size and 


power with other standard industrial 
solenoids. 

The solenoids are offered in 5 models 
giving 3 to 20 |b force at ¥% in. stroke 
and are available in push or pull types 
with either end or side mounting plates. 
The coils may be changed in position 
in less than a minute. since no tools 
are needed. There are no screws. lock- 
parts to remove. Merely slipping the 
nuts, washers, plunger guides or other 
plunger out permits immediate replace- 
ment of the coil. 

Other features are: lower inrush 
current and reduced eddy current 
losses, resulting in lower’ cycling 
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Boost DC power efficiency, cut costs 
with Westinghouse 


8 


_— ~* 


M x M 
16% 
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Whether you use or manufacture DC power equipment for 
low or high-power applications, Westinghouse Silicon Recti- 
fiers offer you a way to step up power output efficiency yet 
save space, weight—and costs! 


Manufacturing economies through tremendous volume and 
engineering know-how permit Westinghouse to bring you a 
product that is unsurpassed for quality at the lowest prices 
in the industry. All Westinghouse Silicon Rectifiers meet 
Military Environmental Tests and are ruggedly designed to 
withstand a wide range of operating conditions. 


Westinghouse Silicon Rectifiers are ready for immediate 
delivery. Why not find out how they can cut DC power 
costs for you? Call your local Westinghouse Representative 
or mail the coupon now. 


you CAN BE SURE... iF ITS 


Westinghouse 
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Silicon Rectifiers! 


Ai 


Tk TICE iL 


10 


‘© 2 re 


Aditibh 


WESTINGHOUSE SILICON RECTIFIERS 
HIGH & MEDIUM POWER 


Peak Reverse Maximum Current 
Current (Max.) at 150°C Case 
20 Ma 35 Amps 
10 Ma 
10 Ma 
40 Ma 


= 


Thermal Drop 
Junction to Case 


1°C Per Watt 
1.5°C Per Watt 
2°C Per Watt 
3°C Per Watt 


Number PIV (Max.) 
302 50-600 V 
303 50-600 V 
304 50-600 V 
322 50-500 V 

LOW POWER 

50-800 V 


18 Amps. 
12 Amps 
110 Amps. 


305 
320 


1.6 Amps 
1.6 Amps 


5°C Per Watt 


50-800 V 5°C Per Watt 


ene eee ee Vail Coupon Now oa sem ae oe Oe ee oe 


Westinghouse Electric Corp. 
P. O. Box 868 
Pittsburgh 30, Penna. 


send me 
Silicon Rectifiers No. (s 


i 

I 

i 

uss I 

NAME_ 7 i 
i 

! 


Will you please full information on Westinghouse 





TITLE 
COMPANY 
ADDRESS 
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THERE IS 
ONLY ONE 
GUDELACE: 
THE 
ORIGINAL 
FLAT 
BRAIDED 
NYLON 
LACING 
TAPE 
MADE BY 
GUDEBROD 


Gudebrod flat braided lacing 
tapes hold harness securely— 
no bite-through or slip, yet are 
easy on the hands. Some resist 
high temperature, some are 
color-coded ... and they come 
wax-coated or wax-free . 

rubber-coated . . . or with spe- 
cial coating. Gudebrod makes 
many tapes for many pur- 
poses, including defense work. 
Send us your lacing problems 
or your specifications . . . we 
can supply the answer to both. 


GUDELACE + 
GUDELACE H + TEFLACE 


GUDEBROD BROS. SILK CO., INC. 


ELECTRONICS DIVISION 
225 W. 34th St., New York 1, N. Y. 


EXECUTIVE OFFICES 
12 South 12th St., Philadelphia 7, Pa. 


GUDE-NYLACE 
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temperatures; larger plunger striking 
surface reduces load concentration, in- 
creasing solenoid life; high-grade sili- 
con steel laminations and stainless steel 
plunger retainer plates are used; 
heavy copper shading rings insure long 
quiet operation. Ex-Cel Coil Co., 2832 
E. Grant Blvd.. Detroit, Mich. 


Circle No. 508, Reader Inquiry Service Cards 
on page 17 


EPOXY-LEAD CASTING 
MATERIAL HAS HIGH 
DENSITY AND LOW 
SHRINKAGE 


Maraset resin No. 341 is a lead-filled 
epoxy formulation developed to facil- 
itate industrial applications that re- 
quire a high-density castung compound. 
Its effectiveness has been demonstrated 
in providing a barrier against radia- 
tion. spurring its use in constructing 
shields for nuclear installations. 

Since resin 341 can be furnished in 
various lead loadings up to 95 per cent 
by weight. it offers a wide range of 
hardnesses. Tests show that 
made from the 
maximum lead 


castings 
resin containing the 
exhibit 
rigidity than 
pure lead. The compound’s properties 


concentration 
greater hardness and 
include dimensional stability and neg- 
ligible shrinkage. It pours easily for 
casting in intricate shapes. with faith- 
ful reproduction of detail. When mixed 
with a Maraset catalyst. it sets com- 
pletely after a brief room-temperature 
cure, 

Castings made have a smooth surface 
which does not require finishing. and 
which resists oxidation. corrosion. and 
contamination by most chemicals. Mar- 
blette Corp.. 37-31 Thirtieth St... Long 
Island Citv 1. N. Y. 
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LAMINATED PLASTIC TUBING 
FOR SOLENOID COIL FORMS 


The tubing, a melamine glass-cloth 
laminate. 0.906 ID by 0.968 OD, is cut 
into 2%, in. lengths. Each length be- 
comes the center form on which wire 
is wound to make the solenoid coil 


as shown. These coils are used to 


- 


operate flow control valves for refrig- 
erant and steam lines. 

The material selected for the coil 
forms was G-5-96A which 
showed an axial compressive strength 
of 15.000 psi. Its tensile strength tested 
at 25.000 psi. Other physical tests the 
material 


phenolite, 


passed for this application 
were: (1) 
that 0.0] 
water for 24 


water absorption of less 


after being immersed in 
hours, and (2) heat 
resistance of 300 F continuous heat 
and 425 F in short time tests. 

The electrical tests of the manufac- 
fabric grade 
concerned with the material's 
dielectric strength. Phenolite G-5-96A 


requirement with a 225 


turers melamine glass 


were 


passed this 
vpm rating. Since this material was 


originally designed to meet severe 
mechanical applications that also re- 
quired good electrical properties, it 
had no trouble passing the dimensional 
stability requirement. This tubing also 
conforms to MIL-P-79B, GMG-R. 
National Vulcanized Fibre Co., Wil- 


mington 99, Del. 


Circle No. 510, Reader Inquiry Service Cards 
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2-PIN PILOT LIGHT HOLDER 


Two-pin holder is 


designed for production applications in 


lamp socket and 
TV and radio sets. ranges and other 
appliances using small indicator lights. 

The holder designated model 1K is 
designed for use with G-E No. 10, 12 
ind 15 two-pin indicator lamps. It is 


~ 


made of high-impact melamine with 
terminals of cadmium-plated beryllium 
copper. 

[wo types of mounting fasteners are 
available for the holder: one a steel 
clip with a black oxide finish, clamps 
the holder firmly on three sides and 
may be riveted or screwed to a flat 
surface; the other type is a push-on 
fastener made of cadmium-plated steel. 
which is mounted without rivets or 
materials. Eldema Corp., 9844 
Remer St.. El Monte. Calif. 


Circle No. 511, Reader Inquiry Service Cards 
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other 


WETTABLE—BONDABLE 
CLEAR-TEFLON 


This is a clear Teflon film, Type §S, 


which may be completely wetted on 


one surface and displays non-slip char- 


ELECTRICAL MANUFACTURING 








has the cure for vibration “headaches” 


gh: 


the one-piece locking screw that , 


won't work loose ee : 


Ho.ttitE® NyLok Screws and Bolts are one of the many progres- 
sive ideas in fasteners pioneered by Continental. These one-piece, 
self-locking fasteners with the Nylon insert eliminate the need for 
lock washers, jam nuts, wiring, and similar devices. If you have 
fastening problems (like the applications below), for which Nylok 
is the practical solution, you can start now to save assembly dollars, 
and give your product a definite competitive advantage. 


BEAT VIBRATION, KEEP CHAIN 
SAWS “ON THE JOB” 


Several styles of machine 
screws with NYLOK in- 
serts are used. Stay tight, 
ending previous customer 
complaints of high main- 
tenance costs. 


HOLD FAUCET WASHERS FIRMLY 
AT CORRECT ADJUSTMENT 


Slotted round head Monel 

Bibb screw with NYLOK in- 

ay sert. Locks and holds secure- 

f A ly without excessive pressure 
 * that might deform washer. 





* 
. 
* 
* 
* 
* 
e 
8 
2 
e 
& 
3 
* 
2 
° 
* 
6 
. 
° 
~ 
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STAY TIGHT UNDER CONSTANT 
STRESSES IN METAL CHAIRS 


Oval head machine screw 
with NYLOK insert, used 
in telephone oper- 
ators’ chairs, 

solved problems of 
excessive mainten- 
ance, clothing 
damage, etc. 


WITHSTAND REPEATED SHOCKS 
IN VISE JAW INSERTS 


Phillips fillister head ma- 
chine screw with NYLOK 
insert will not back out 
az under heavy 
é Y strains of 
\ vise jaw 


‘ . 
clamping. 


CHECK YOUR ASSEMBLIES. Find out where Continental cost- ones Sot 
saving ideas, like Nylok, can cut your assembly costs. Continental ee a en re 
Assembly Specialists are fully qualified to analyze your operations ee er 


: : : eral thrust, smoothly wedges mating 
and advise which fasteners — standard or special — can save you threads together (B). All locking 
most. For prompt service, write or phone: Continental Screw Co., action is on threads: head is not 
ae : ; tressed. Locking i itive... 
455 Mt. Pleasant St., New Bedford, Mass. Se eee 
seated or unseated. 


One piece — no separate parts 


CONTINENTAL =(@)=° 2200 
ne 4 


Interchangeable — reusable 


H oO LT | T E F A s + E nw E R Ss Wo i Locks seated or unseated 


Acts as seal for gases, liquids 
HOLTITE PHILLIPS AND SLOTTED HEAD 
WOOD * MACHINE * TAPPING * THREAD CUTTING * SEMS * NYLOK 
HY-PRO PHILLIPS INSERT BITS AND HOLDERS 
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Cut wiring time by WA 


with the revolutionary NEW 


ee 


Advantages 


Provides high-speed, sim- 
plified wiring operations. 


Neat, compact, well- 
engineered appearance. 


Wiring changes made 
quickly and easily. 


Reduces costs, speeds up 
production. 


Arnis WIRING SYSTEM 


\ 


th 


The new Cradleclip System will solve 
your harnessing problems quickly and ef- 
ficiently ... completely safe and perma- 
nent in operation. Consists of Cradles 
and Binders, moulded of tough Nylon 
that is virtually unbreakable, and Exten- 
sible Clips moulded of Neoprene which 
combines the right degree of toughness 
to hold any type of cables securely and 
without damage. Best of all, it will speed 
up production and save you time and 
money .. . takes only 5 seconds per 
fixing point. 


“TWICE AS GOOD...TWICE AS QUICK...WHEN YOU WIRE WITH CRADLECLIP" 


Fe SAMPLES 
AVAILABLE! 


Write today for your free 
sample kit . . . contains 
samples of the various 
Cradles, Clips and Binders. 
There is no obligation, of 
course. 


180 


For anchored wiring, you simply screw the Cradles 
into position, lay the cables in place and attach 
a Clip to the Cradle. For unsupported fixing, a 
Binder is held in place and then secured in posi- 
tion with a Clip .. . it's fast, easy and efficient. 


A PRODUCT OF 


ELECTR@VERT INC. 


489 FIFTH AVE. NEW YORK 17, N. Y. 
Tel. MUrray Hill 2-2492 
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compact... power-packed 


acteristics. The surface treatment does 
not involve chemical etching; there- 
fore, light transmission qualities are 
unimpaired. This makes the film appli- 
cable as a plastic membrane in evap- 


orator-type solar stills for conversion 
of saline water. Additional uses may 
include slot liner and interphase insu- 
lation and transformer interlays. Com- 
plete bonding to potting resins elimi- 
nates the possibility of voids and hot 
spots. 

Film is available in thickness gauges 
of 1, 2, 3 and 4 mils, dielectric strength 
is 3200 vpm, dielectric constant is 2.0 
over a frequency range from 60 to 108 
cps, and dissipation factor over the 
same range is 0.002. Tensile strength 
in machine direction or transverse di- 
rection is 4000 psi, ultimate elongation 
in both directions is 400 per cent. 
Dilectrix Corp., Allen Blvd. and Grand 
\ve., Farmingdale, N. Y. 


Circle No. 512, Reader Inquiry Service Cards 
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MAGNETRON INPUT 
CONNECTOR 


{n improved magnetron input connec- 
tor has the normally exposed metal 
parts encased in silicone to permit 
space saving in the power supply de- 
sign. This assembly will fit any of the 


following magnetrons: 4J50, 4J52A, 
6551 and 6865. 

The heater-cathode contact is made 
ot heat-treated beryllium copper, heav- 
ily silver-plated and has 8 contact 
springs making contact with the tube. 
The heater contact is “floating” in a 
silicone rubber insulator which pre- 
vents undue strain on the tube input 
end. All internal connections are made 
with a high-temperature alloy solder 
and friction contacts have been elim- 
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ESTIMATE YOUR SAVINGS WITH AN ALUMINUM WOUND COIL 


Use this simple chart as a quick guide to cost savings made possible by converting 


from any gauge of copper wire to Kaiser Aluminum interleaved strip conductor. 


Vd 


1" 


Copper “" “ue ” ” " ” ” ” “ ss o ad 
Paper Mylar Mylar Mylar Paper Mylar Paper Mylar Mylar 
































37.5% | 23.4% 
26.9% 


*Dupont’s registered trade name for polyester film. 


TYPICAL APPLICATIONS 
OF KAISER ALUMINUM 
RIBBON CONDUCTOR 
1 Generator Field Coil 
2 Relay Coil 

3 Horn Coil 
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Many cost considerations lie behind to- 
day’s trend from copper wire to alumi- 
num strip in the electromagnetic coil. 
These include aluminum’s substantially 
lower base price... its favorable weight- 
conductivity ratio ... the use of sim- 
pler, less costly insulating materials... 
recently improved joining techniques 
...and simplified winding methods. 


But other advantages are important 
too: 1. aluminum ribbon’s efficient space 
utilization— where space factors of up 
to 97% are made possible by convo- 
lute, layer-to-layer winding; 2. the elim- 
ination of bulky insulation because of 
the layer-to-layer voltage drop; 3. alu- 
minum’s superior heat transfer charac- 
teristics — which virtually eliminate hot 
spots and permit operating tempera- 
tures that average about 20% cooler 
than conventional copper wound coils. 


The % savings computed in the chart 
are based on average price of single 
Formvar copper magnet wire during 12 
months preceding July 1, 1957. Alumi- 
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num price includes base price at 2000 
lb. quantities, plus slitting and width 
extras based on August 1, 1957 prices. 
For additional savings on large tonnage 
items, buy materials in wide widths. 
Sample coils on request. As a leading 
supplier of aluminum ribbon conductor, 
Kaiser Aluminum maintains a special 
technical staff to assist coil manufactur- 
ers and users. To obtain an experimen- 
tal coil for your own testing purposes, 
write (giving full details) to Kaiser 
Aluminum & Chemical Corp., Machin- 
ery & Equipment Sales Dept., Palmolive 
Bldg., Chicago 11, Illinois. 


KAISER Vx 
_AALUMINUM 


cana 
THE BRIGHT STAR OF METALS 


See “MAVERICK” + Sunday evenings, 
ABC-TV Network + Consult your local TV listing 
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compact... power-packed 


New General Electric 


IMMEDIATE SHIPMENT of popular Tri-Clad ‘55’ 
motor ratings—through 125-hp-—is provided from 
factory, district warehouses, and distributor stocks. 





TRI i) CLAD motors can help you... 


REG US PAT OFF 


DELIVERY CYCLE 


NOW AVAILABLE THROUGH 


SI iad 


ate ak 


CONVENIENT WAREHOUSE STOCKS pro-— 
vide immediate shipment of any popular G-E 
Tri-Clad ‘55' motor rating up through 125-hp. 
Nationwide stocks are maintained by distrib- 
utors as well as 34 G-E district warehouses. 


HIGH-SPEED PRODUCTION of all types of 
motors is provided by new automated man- 
ufacturing facilities. With these facilities, 
special-purpose motors are produced by 
General Electric almost as fast as standards. 


G-E PRE-ENGINEERING SERVICE provides 
special motor designs to meet your immediate 
or future needs. Where conditions warrant, 
such motor designs could be stocked at near- 
by G-E warehouses to provide fast delivery. 


immediate shipment... popular NEMA ratings 


Section A891-10 
GENERAL ELECTRIC COMPANY 
Schenectady 5, New York 


How many additional sales could your company have made 
this year if you could have delivered your product faster? 

In today’s highly competitive market, often just a few days 
can make the difference between a lost sale, and an important 
order for your factory. 

NOW, TO HELP YOU REDUCE THE DELIVERY CYCLE OF YOUR 
PRODUCT, General Electric offers immediate shipment of pop- 
ular Tri-Clad ‘55’ motor ratings—up through 125-hp— from 
nearby warehouse stocks. Or, if you use a motor that is not 
standard, G.E. can give you faster shipment from the world’s 
most modern motor manufacturing plant. 

IF MOTOR DELIVERY TIME IS A FACTOR in your production 
scheduling, you can now reduce your delivery cycles, make 
shipment promises with more assurance, and give improved 
customer service. 

FOR MORE INFORMATION on the complete Tri-Clad ‘55’ motor 
line-—-now available through 125-hp, contact your nearby G-E 
Apparatus Sales Office or Authorized Distributor. 


Please send me the following publications: 


FREE BULLETIN (GEA-6602) describes advanced 
features of new Tri-Clad '55’ motors through 125-hp. 


FREE SLIDE RULE (GEN-148) to determine weight 
and space-saving benefits of new Tri-Clad ‘55’ motors. 


NAME 

TITLE 
COMPANY 
ADDRESS 
CITY & STATE 
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Progress /s Our Most Important Product 


GENERALGQ® ELECTRIC 
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mn . = , inated. The lead wires are insulated 

Rl : with Silastic 80 so that the connector 

‘ ~ may be operated at very high tempera- 
Ratings up to 12 Amperes , tures. 

Model No. 9000-C has 4000 pypf 
minimum capacitor built into the con- 
nector. Model No. 9000 is made without 

a i . the capacitor, and is identical in 
outline dimensions. The body of the 
connector is 114 in. long and 1%: in. 
in diameter. A red lead identifies the 
heater connection and a white lead 

Ideal For: identifies the heater-cathode connection. 
Battery : The standard lead length is 12 in. with 
Substitution 14 in. stripped and tinned, Jettron 


4 Computers Products, Route #10, Hanover, N. J. 
- : Transistor Bias Circle No. 513, Reader Inquiry Service Cards 
; a 17 
a Motor and lil 


Relay Control 
Television SOLVENT FOR CURED 
e All High Current Laboratory and EPOXIDES, POLYESTERS, 
Industrial Applications AND SILICONES 


Eccostrip 57 is a solvent that is used to 
TRANSISTORIZED HIGH CURRENT attack aii polyesters, polysulfides 
and silicone rubbers. It is a non-flam- 
REGULATED POWER SUPPLIES mable, free-flowing pink liquid. It has 
ea | been successfully used to remove paint 
P ad and a wide range of surface coatings 
All Semi-Conductor Designs Low Output Ripple 
High Current Output Remote Sensing 
Closely Regulated High Efficiency 
Pos., Neg., Zero % Regulation Control Low Heat Dissipation 
Wide Range Adjustable Voltage Small Size, Light Weight 
Line Frequency Insensitive Instant Warm-Up Time 


Fast Transient Response Moderately Priced 


New advances in the transistor art now makes possible all semi- 
conductor closely regulated power supplies which eliminate the 
draw-backs inherent in vacuum tube, thyratron or magnetic 
amplifier equivalents. 


Features include fast transient response, small size, and light 
weight, low ripple content and independence from line frequency 
changes. Units are shock and vibration proof, rugged, stable and 
maintenance free. 


The electrical design includes line isolation and full wave rectifi- 
cation utilizing silicon rectifiers. Regulation is accomplished at DC and is particularly useful in recovering 
by means of germanium junction transistors in special circuitry*. items which are embedded in casting 
References used are silicon zener diodes. Design is conservative and resins. 

circuits are fused and fully protected against transients and accidental The embedded 


. ‘ item to be recovered 
short circuits. 


is placed in a metal container. Sufh- 


*Patents Applied For cient Eccostrip 57 is poured in to cover 


STANDARD MODELS it. After standing overnight the plastic 


Input 105-125 VAC, 60-400 cps, load or line regulation less than will have absorbed some of the Ecco- 
+0.5% or adjustable to zero % fof any given output voltage (TR32 strip 57, swelled and started to flake 


Series). Ripple less than 0.05% or'5 mv. | off. The loose material can be removed 


" oi ee - a to expose a new surface. After several 
Mode! Voltage Current Dimension Prices, = a 
No VDC cites W"xD"xH” FOB Factors days the process will be complete. The 

TR32-4 > 632 3-04 19x 9-5/16x 5-1/4 ——«*$375.00 clear Eccostrip 57 which remains can 

TR32-8 6-32 0-8 is 9-5/16 a 410.00 

TR32-12 6-32 0-12 19 5 Z 495.00 . . 

This6-1 soit —5 OT bane s ask 66 with a cloth to paint and other surface 


be reused. Eccostrip 57 can be applied 
TR300-1 170-300 "ett 19x 9-5/1 8/4 605.00 coatings in order to loosen them. Emer- 
= ST —— son & Cuming. Inc., 869 Washington 


Models listed f@ S¥ock units! Special designs also available to customers St.. Canton, Mass. 
specifications. Write for literature and quotations on special designs. Circle 


No. 514, Reader Inquiry Service Cards 
on page 17 


Manufactured at ERA‘’s New and Larger facilities. 


= a = AIR PRESSURE SWITCH 
Electronic Resea ed 8; ;;. g 5 These switches are designed to be used 


Associates, rite <= in all types one woe aa 
° ation sets and are primarily endec 
67 Factory Place, Cedar Grove, N. J. ee ee ee 


for pressure level control by direct con- 
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WHY 


¥ COLAC. 


HIGH IMPACT THERMOPLASTIC RESIN 


in the 


ljeet 


AUTO-EX 


Smm Lens? 


y ... the answer is simple... 


Only CYCOLAC, with its outstanding properties, 
could satisfy the exacting requirements of the Elgeet Optical Co. 
of Rochester, New York. CYCOLAC's high impact strength and 
resistance to heat and cold was most desirable. In addition, 
CYCOLAC has excellent moldability for intricate designing, 
a tough and glancing surface, excellent shock absorbing properties, 


dimensional stability, plus a wide range of color possibilities. 


molders « extruders « calenderers CYCOLAC can also work wonders for you, 


Compare these added CYCOLAC Benefits! This family of single uniform resins is 


In addition to CYCOLAC’s unique balance of properties, permanently thermoplastic, permitang fast 
which makes it ideal for hundreds of end-use products, . : . 
vou. geb thoes ebded hanatital molding, calendering and extruding. 


@ No breakage in processing. It is economical to form press-polished sheets 
® No breakage in assembling and finishing operations. 


@ Better adherence to dimensions and tolerances. 


by vacuum, air-pressure, or mechanical methods 


@ Readily lacquered, enameled or printed. over inexpensive molds of wood, 


Decals apply easily. 


@ Greater uniformity of processing. 


plaster, aluminum, etc. 


@ Lower shipping costs. 
@ Light weight means more parts per pound. Write for Technical Literature Today! 


PACESETTER IN 


oe 
CHEMICAL 


SYNTHETIC RESINS 
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Division of BORG WARNER « Gary, Indiana 


also represented by: 


WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 
EXPORT: British Anchor Chemical Corp., New York 
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There will be more 


TANTALUM CAPACITORS 


for 1958 Deliveries 


s 1957...our Golden Anniversary Year...draws to a close, we look 
back on a year of important achievements in our continuing 
efforts to serve our customers better. 

In the past year, we produced more tantalum—delivered more tan- 
talum capacitors than ever before. But still the demand for more and 
more tantalum continues to grow. 

To keep pace with this ever increasing demand, we have made the 
largest capital expenditures in Fansteel history for new buildings, new 
research laboratories, new equipment. Only a few short weeks ago, a 
new tantalum-columbium plant on a 113-acre tract near Muskogee, 
Oklahoma, started producing metal powders and ingots. 

It is interesting to note that we constructed more building space in 
1957 alone than the entire Company owned in 1941. 

Looking ahead to 1958, we anticipate a 100% increase in capacitor 
grade tantalum production. 

Capacitor production facilities at the Fansteel North Chicago Plant 
have also been increased, all of which promises production enough to 
meet all normal demands for tantalum capacitors. 

We sincerely regret that in the past, because of the demand, it has 
been necessary for us to operate under self-imposed allocation proce- 
dures. However, we are confidently looking forward to serving you in 
1958 with the usual Fansteel promptness in deliveries. Even now, our 


enlarged and improved facilities are beginning to achieve this. 


Sincerely, 


M Muggs 


President 


METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS. U SLA 


C578 
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i remote counting, test equipment, and 
— a . a ® yy * rw . a a 


nection to the air pump motor electrical 
circuit. A secondary function is for 
operation ol low pressure warning 
lights, interlock controls, ete. 

The switches are SPDT, thus _pro- 
viding control under increasing or de- 
creasing pressures, and will operate 
in either d-c or single phase a-c cir- 
cuits with a current load of 10 amp 
(max) resistive. They will perform 
without chatter over the full operating 


aE LCA 


eb at i) 
ela eela ils) 


Se LHR 


pressure range. at any vibration fre- Prt eT] 


quency from 10 to 500 eps. and 10 g in4a ee 
acceleration. 

All of the switches have means for 400 
external adjustment of the pressure 


setting. The wiring connections are rrinay ¥114723 
made through an AN3102C-10SL-31 : p 
without heat sink 


connector, but can be provided with 
solder terminals if desired. The 
switches are available with pressure 
adjustment ranges from 24 to 100 in. Shatin 
Hg absolute: from 0 to 25 psi gage Riel) 
and other settings as required. The port MILLIAMPERES 
thread sizes are also optional and come 

in varied sizes from 7/16-20 to 1/8-27 

NPSC. Lear-Romec Div., Lear, Inc., 

Elyria, Ohio. 
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SLL 
HIGH-SPEED ELECTRICAL nN 
 «, 


RESET COUNTER 
High-speed electric counter counts up 
to 1500 counts per minute, and can be 
instantly reset to zero either electric- 
ofie oe with o fick of a push lethaen: BOSTON, MASS.................DEdham 3-0467,..........C. F. Blanchard 
eae oe ection Cee Mmmm Lt) bs TUxedo 9-3200............ E. R. Eollin, E. S. Weil 
Phe counters, known as Model YE, are CLEARWATER, FLORIDA.........CLearwater 3-7072 W. Ben Wimberly 
offered in four models: panel mounting CLEVELAND, OHIO : see) at K. E. Harvey 
o: base mounting, with electric instant DALLAS, TEXAS Fleetwood 2-4038......... Dale Hjort 
reset, or with push-button instant re- HOUSTON, TEXAS Ret mee Yd Ce Sots 
ey TO an ORchard 2-4091... T. 0. Doner 

YE counters are particularly effec- NEW YORK, NEW YORK.... Bao ge | agen iccciaiias 
PHILADELPHIA, PA....... HAncock 4-6566...........R. P. Fieldman 
tronic computers, electronic scalers, SAN CARLOS, CALIF............L¥tell 3-8224 David H. Ross 
military instruments, photo-electric and 2 ase ae | LAnder 7602 


tive for high speed counting in elec- 


ee ere 


SOUTH PASADENA, CALIF.......PYramid 1-2125 dela besf ahs 
" iter tae OM aa t) 
Batre) MIP ae) 7 James Lockwood 


cee teh Reet ae Ulta Pe Memo] 


FANSTEEL METALLURGICAL CORPORATION 
Les ee 


ERR eee eee ee eee UlUmlClUULD UL 
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DATA SHEET 



















































































































































Some Springs Have It...Some Don’t 











The difference in spring performance is most often due 








to the wire or strip used... and there’s more to a spring material than 








just the “bounce”. How about other requirements, such as 




















corrosion resistance, high temperature properties, fatigue resistance 
and low temperature toughness. 
When your springs need any of these properties your 
best bet is one of our alloy spring materials. 
Riverside-Alloy Metal Division can supply you with spring wire and strip 
in stainless steels, nickel alloys, phosphor bronze and beryllium copper. 


Learn more about our spring materials. Write to 


i 


Riverside-Alloy Metal Division, 


H. K. Porter Company, Inc., Riverside, N. J. 


Send today for our 
free handbooks 





ALLOY METAL WIRE 
Prospect Park, Pa 


RIVERSIDE METAL 
Riverside, NJ. 


PRENTISS WIRE MILLS 
Holyoke, Mass. 


























H.K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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remote counting, test equipment, and 
light production machinery. The instant 
reset model can be wired to reset one 
counter or a group of counters, either 
singly or in multiples, by remote 
control. 

The four models are compact, rugged 
They 
long count life, reset 
duty. They 
high, low, or intermediate speeds, 
whichever is demanded. Large “e in. 


and enclosed. are designed for 
life, and contin- 
accurately at 


uous count 


high white figures stand out clearly on 
a black The 
wheels are set high in the 
for maximum visibility. 
Specifications 


background. number 


window 
include: speed—1500 
counts per minute; figures—¢ in. high 
by %i in. wide; voltage—115 volts, 60 
volts and 28 volts 

1360-1400 ohms; 
current, initial surge 


d-c; 
line 
0.065 amp.; line 
8.5 watts for counting, 15-19 
watts for 


cps a-c; 115 
coil resistance 
power 
resetting at 115 volts a-c; 
size: 38g in. wide x 3'%2 in. high x 11% 
Durant 


in. deep. Manufacturing Co., 


1962 No. Buffum St... Milwaukee 1, 
Wisc. 
Circle No. 516, Reader Inquiry Service Cards 
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ELECTRICAL SOLENOIDS FOR 
400 CYCLE USE 


Electrical with 400 
cycle 110 volt a-c power are designed 
to operate directly from the 400 cycle 
primary power supply of military and 
commercial aircraft without the use 
of separate rectifiers. 

The 400 


designed to meet the customer’s indi- 


solenoids for use 


cycle units are custom- 


vidual requirements. Strokes vary from 
a few thousandths of an inch to 0.500 
and forces from ounces to 50 Ib, de- 
pending on size and current. Frequency 
limits vary from 300 to 500 eps and 
voltages range from 90 to 135 volts a-c. 
Ambient temperature limits are 400 F 
for standard units but special units to 
600 F are available. Units can be pro- 
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SERIES 33 SUB-MINIATURE RELAYS 


““SNAP-ACTION”’ DESIGN FOR EXTREME RELIABILITY 


Novel snap-over action of this switch eliminates the “floating-contact”. 


High contact pressures, extremely 


rapid flight time, quick are quenching, high impact and contact wipe are features accounting for its great 
reliability and unusually high contact ratings. lmpact and wipe of the switch action, especially when combined 
with special contact materials, results in excellent low-level or “dry circuit” operation. Rapid flight time and 
are quenching makes this type switch particularly good with the use of inductive loads. Heat-treated Beryllium 


copper switch springs are employed for longer fatigue-life running into several million operations. Large 


contact blades offer good heat dissipation for long contact life. 


SERIES 33 ASSEMBLY FEATURES: 


DC-35 relays are constructed to withstand destructive 
shock tests of more than 100 G’s without mechanical dam- 
age, and high operative shock and vibration tests without 
contact chatter or opening. 

Standard coil and contact rating, listed on reverse side, are 
conservative. Additional ratings are available for special 
requirements, 

Temperature range for the standard unit is from — 65° ¢ 

to 125 © .Wider temperature ranges available on request. 
Terminal header and enclosure are designed to meet mil- 
itary requirements of leakage to specifications MIL-R-5757 
and MIL-R-25018. Insulation within enclosure is of high- 
temperature inorganic type, preventing contamination of 
contacts. 

Addition of a high temperature full-wave bridge rectifier 
is possible by extending length of the relay body to 15 
inches. 

Provisions for mounting are extremely flexible. Rugged 
standard mounting flange of the encircling type permits 


placement of flange at any position along body length. 


SERIES 33 DESIGN FEATURES: 


THE MAGNETIC ASSEMBLY: High magnetic efficiency 
and unusually low magnetic leakage is a characteristic of 
this tightly-closed magnetic circuit. Fully annealed Armeo 
iron is used. Favorable armature weight (2.2 grams) to 
retractable spring ratio accounts for high resistance to 
external forces. Special coil design—dry-wound without 
impregnating varnishes and a minimum amount of in- 
organic materials—provides a high number of ampere 
turns for greater magnetic efficiency. Freedom of residual 
magnetism is obtained without use of conventional non- 
magnetic anti-freeze pins. 


DOUBLE SPIRAL SPRING: This unique spring fune- 
tioning as the armature retraction and one armature 
bearing, was especially designed for non-resonance over 
a frequency range from 0 to more than 3500 eps. Com 
posed of two adjacent sections, each of which are dis- 
similar and tapered by a logarithmic function, this spring 
cancels out small resonant conditions which tend to occur. 
Spring is flexible in only one plane, allowing good arma- 
ture activity plus good armature stability from move- 
ment in undesireable planes. 


SERIES 33 SUB-MINIATURE RELAY AND SUB-ASSEMBLIES 


RELAY SWITCH AND 
MOTOR ASSEMBLY 


SWITCH BASE 


Remove and file for reference. 


Perforated for easy tear-out. 
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vided for internal core pressures of 

10,000 psi. Duty cycles are continuous 

or intermittent and motion is either —_ 
push or pull. 


These solenoids are designed to meet - 
requirements of MIL-S-4040B, MIL-S- W. h n 
7029 and the environmental require- it f & 
ments of MIL-E-5272. G. W. Lisk Co., 
Inc., 2 South St., Clifton Springs, N. Y. 
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HIGH SPEED SAMPLING 


SWITCHES SUBMINIATURE 


Precision switch with miniature multi- ? 

pin connectors attached to cables of ; 
convenient length has up to 5 poles SWITCH ACTUAL SIZE 
with 60 shorting (make before break) 

channels or 30 non-shorting (break 


before make) channels per pole. The 
switch is equipped with constant force 





CIRCUIT ARRANGEMENTS 


an o— eo | on 
perma-brushes and semi-molded contact —- —l—_ | 
plate. All poles are locked in precise te | Ter 
phase relationship. 

} —— ' ; | | 


o 
Oo 
z 

nO 

° 

°o 

no 

oO 
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WLOLUT ORG Te) (C= M  oecmck some ene 
of 5 New 
Actuators 





With its small size, high capacity, and newly- 
designed actuators, the Acro Subminiature 


Ee ‘apociel construction: allewds: t0- Switch meets an exceptionally wide range of 


placement of all brushes in a matter of 


minutes without force or phase ad- design requirements . . is provides a a 
justments. The cover plate is easily | development possibilities for subminiature 
removed for inspection of the brushes assemblies. 

and contacts. The two rotors and all The electrical rating of this precision Acro 
brushes may be replaced as a unit. The | Snap-Action Switch—10 amperes at 125 or 
switch is adapted to a variety of motor 250 volts A.C. or 28 volts D.C.—is over four 


drives and is equipped with a precision- 
machined ball-bearing output shaft. 
Typical applications include airborne 


times that of most switches this size. It will 
operate within a temperature range of from 
+350° to —80°F., and its terminal arrange- 


shipboard oscilloscope displays, ‘ eae Dots 
ne MERARFS GNCIORCEpS Siepte) ment permits wiring double circuits. 


stabilization of groups of high gain d-c 





areata : i : 
amplifiers, error indicating systems, Switching ae hanism is enclosed in a du- 
and multi-channel data systems. Gen- rable plastic case which can also be adapted 
eral Devices, Inc., P. O. Box 253, to various types of present actuators and 
Princeton, N. J. mountings not shown. 
1 d . : . . 
eer mF noua ee Sam Write for literature, engineering data! 


MINIATURED HIGH-VOLTAGE 
JACK AND PLUG 


Robertshaw Fulton 
Type SKT-15 “Press-Fit” jack has a 


Teflon body 0.387. in. long or 0.732 in. ® CONTROLS COMPANY 
overall including lug, with 0.220 in. | me. CONTROLS 

diam for bushing and 0.250 in. diam 

face. Contact members are of machined _ | ACR oO Divi Ss ION 


beryllium-copper., with gold flash over Columbus 16, Ohio 
silver plate. Simple, fast, positive 





In Canada: Robertshaw- Fulton Controls (Canada) Ltd., Toronto 
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FREE TEST SAMPLES Show How 


MITE 


miniaturized SET SCREWS 
CUT YOUR COSTS! 


ACTUAL 


Blowup show's preciston 
made MINI-MITE Set 
Screws with perfectly 
formed beads which 
asssure easy insertion 
of driving tools. 


For miniaturized appli- 


cations Setko MINI-MITE Set Screws can cut your costs 
in four important ways. Reduces initial cost, no extra 
charges are incurred because of special design. Increases 
production rates because MINI-MITES are made with 
watch makers precision, threads mesh precisely—insert 
perfectly. Cuts down on rejects in sub or final assembly 
because of consistent uniform quality. 1mmediate avail- 
ability in Slowed, Socket and Socket Cap types in sizes 
#0, #1, #2 and #3 and in a wide selection of metals, 
finishes, lengths and points to choose from. 


FREE TEST SAMPLES Send Today for your Free test 
samples of MINI-MITES or send your 


ete specifications and we will send samples. 


crevy 112 Main Street, 
&BAFg.Co. Bartlett, illinois 
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Precision made Ceramic parts 
to meet your EXACT specifications 


Through the years Wisconsin Porcelain 
Co. has consistently demonstrated its 
ability to make ceramic parts to exact 
requirements. 

The uniformity and toughness of 
Wisconsin Ceramics speeds assembling 
and reduces production costs. Wisconsin 
Ceramics are especially adapted to auto- 
matic Of semi-automatic processes. 

Whether you need porcelain, refrac- 
tory, steatite or filter parts, you will find 


that Wisconsin Ceramic parts reduce 
rejects to a minimum and help cut 
production costs. 

We will be glad to quote prices and 
delivery ...or our engineers will work 
with you on special Ceramic problems. 

Serving the Electrical and Electronic 
Industries since 1919. 


WISCONSIN PORCELAIN CO. 
122 LINCOLN ST. * SUN PRAIRIE, WISCONSIN 
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“Press-Fit” installation is done with 
an insertion tool available from the 
company, held in a drill press or arbor 
type equipment. 

The companion plug. Type PR-15., 
also measures 0.220 in. for bushing 
diam and 0.250 in. for face with the 
0.050 in. pin mounted on a_ smaller 
diameter extension that fits into the 
jack for a longer leakage path. Rated 


at 5000 volts at sea level. or actual 
flashover of 11.000 volts and 1400 volts 
at 50,000 feet for the two units in com- 
bination. Teflon body provides good in- 
sulation over a temperature range of 

65 to +200 C. Jack and plug may be 
mounted directly on metal chassis or 
casing for high-voltage breakaway con- 
nections. Sealectro Corp., 610 Fayette 
Ave.. Mamaroneck, New York. 
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NYLON-INSERT LOCKNUT 


Nylon insert locknuts have a die-cast 
zine alloy hex nut body and a molded 
nylon compression collar for its locking 
element. The locknut is made by a 
process which firmly anchors the un- 
threaded nylon collar in the nut body, 
in a manner to prevent the collar fromm 
turning or breaking out. The nylon 


locking element maintains a constant 
grip on the screw threads, dampens 
vibration, seals out moisture, and resists 
loosening. 

The nylon collar tends to return to 
its original shape when removed from 
the screw, permitting reuse many times 
without appreciable reduction in lock- 
ing torque. The locking effect exists 
at any point along a mating screw 
even if not tightened down against a 
seating surface. 

The die-cast nut body is made of 
rust-proof corrosion-resistant zinc alloy 


ELECTRICAL MANUFACTURING 
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2000 watts? Put your finger on CON TROL 


No need to put up with extra costs for special design of 
saturable reactors. No reason for waiting for special units 
to be designed to meet your individual requirements. 
Contro offers two complete lines of power reactors. 
You pick them from our catalog. We take sub-assemblies 
from our shelves, add control windings to your specifica- 


tions, and deliver complete units—fast. 


CONTROL reactors are ready in eleven sizes in both 120 
and 240 volt ranges. Our unique catalog R-10 gives you 
complete physical and operating characteristics. It tells 
you, for instance, that six ampere-turns control nearly 
2,000 watts in the largest size, and that only two ampere- 
turns are needed for the 50-watt smallest size, illustrating 


the extremely high gain of these units. 


Reliability begins 


Want to know about cut-off ratios? CONTROL reactors 
run at least 40 to 1. Want to know about construction? 
Cutaway shows you the tough, rugged design that insures 
“forever” operation with no servicing or maintenance, 
if operation is normal. 

Yes, there’s a real improvement here for harassed 
engineering departments. Standardization means reli- 
ability and quality at a competitive price. Write for Cata 
log R-10 today and read all about it. CONTROL, Dept. 


EM-42, Butler, Pennsylvania 


with _ Cun) Eee J, 


& 


A DIVISION OF MAGNETICS. INC 
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ELGIN NATIONAL WATCH COMPANY 


MICRONICS DIVISION + ELGIN, ILLINOIS 
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scratch:one raider! 


a4) Peres 


and arming systems 

and fuzes make sure 

the ‘count down" is safe 
... yet deadly 


““Intercept’'is an empty,academic suc- 
cess unless destruction of the target is 
achieved. It follows that the mission of 
a guided missile can be accomplished 


only as effectively as its warhead is™ 


armed and fuzed. Safety before launch- 
ing and reliability of arming after launch- 
ing are prime considerations. Elgin has 
the specialized skill in development and 
manufacture of fuzes, safety and arm- 
ing systems to bring an explosive 
conclusion to interception. 


Elgin offers its complete background of 
experience, its production and research 
facilities in Elgin, Illinois . . . Lincoln, 
Nebraska . . . and Chatsworth (Los 
Angeles), California . . . to all manu- 
facturers requiring precision timing. 
Elgin engineered fuzes, safety and arm- 
ing mechanisms are now uSed in NIKE, 
SPARROW and SIDEWINDER. Con- 
tact the Micronics Division of Elgin for 
your design and manufacturing re- 
quirements. 


Elgin's rapidly expanding techni- 
cal staff now offers a broad scope 
of opportunities for qualified engi- 
neers and technicians. 
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which can be used for most applica- 
tions, either indoors or outdoors, with- 
out a protective finish. All commercial 
plated finishes are available for special 
appearance or application require- 
ments. The nylon molded collar is im- 
pervious to practically all chemicals, 
solvents, and weather conditions. Gries 
Reproducer Corp.., 100 Beechwood 
Ave., New Rochelle. N. Y. 
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MAGNETIC AMPLIFIERS HAVE 
LOW ZERO DRIFT 


Two magnetic amplifiers, Models MA4] 
and MAI101, featuring variable gain to 
allow full output for a wide range of 
input signals, are designed to amplify 
signals from thermocouples, — strain 
gauges, photo-electric cells, demodula- 
tors, and instrument pick-offs to drive 


eS 
re 


neo 


“ 


‘ ARCH £550CAN, 
Besta SHINGTON 
ot 


meter movements, — electro-hydraulic 
valves, and power amplifiers. 

Feedback parameters of these units 
determine overall gain and may be 
arranged so that either the load current 
or load voltage is independent of 
changes in the load value. Stability 
is maintained by a current or voltage 
negative feedback external to the am- 
plifier. Zero drift is less than 0.2 per 
cent of full scale output for a tem- 
perature range of 0 to 170 F. Fluctua- 
tions in supply power voltage and fre- 
quency of 10 per cent give a zero 
error of less than 1 per cent of full 
scale output. Linearity of output, in 
terms of input signal. is less than 2 
vamp (0.3 mv) over 40 the maximum 
output and less than 10 pamp (1.4myv) 
over full output. 

Cylindrically shaped Model MA 41] 
with a maximum power rating of 62 
mw, has an output of 10 volts d-c max 
across a 10,000 ohm load and 18 ma 
d-c through a 200 ohm load, and a time 
constant approximately equal to the 
voltage gain divided by 1500 (in sec- 
onds). It measures 2 in. in diam by 
3% in. long, weighs 12 oz potted, and 
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eliminate POWER PILFERAGE 


with connectors made the ILSCO way 


Everyday, more and more electrical designers and 
engineers specify and recommend the purchase of 
Ilsco connectors because they know they get these 
important added benefits: 

100% pure electrolytic seamless copper gives 
Ilsco connectors 100% conductivity. The copper 
is cold-worked to preserve its natural properties. 

Compact, light-weight Ilsco connectors possess 
strength, secureness and capacity equal to or greater 
than much heavier and larger cast alloy types. You 
save space, handlmg trouble and money. 


—S— 
| 
| 

J) 


CONNECTORS e¢ FABRICATED TUBES ¢ NEUTRAL BARS 
SOLDERING LUGS ¢ STAMPINGS ¢ TERMINAL BLOCKS 


SHADING COILS e¢ WIRE-REINFORCED FUSE CLIPS 
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Ilsco connectors do not overheat. Under normal 
conditions, operating temperatures remain as much 
as 50% below permissible UL maximums. That 
means greater safety, fewer trouble spots in your 
layout. 

Join the ranks of IIsco’s satisfied customers. 
Find out how much time, trouble, worry and hard 
cash you can save. 

Write for your free copy of Catalog # 50 and 
samples. Dept. F-12 


CORPORATION 
4730 Madison Road e Cincinnati 27, Ohio 
Ilsco of Canada, Ltd., 25 Carson St., Toronto, Ontario 
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World’s First Breaker 


with the Contacts VISIBLE 


ELECTRICAL MANUFACTURING 











Everyone who’s seen this exciting new development 
has said “‘this is the biggest thing in circuit protec- 
tion since the development of breakers... you’re sure 
the contacts are open (or closed) because you can see 
through the transparent window.” 

Of course they’re right, and in addition, Westing- 
house Saf-T-Vue Breakers have the positive action, 
tested accuracy, long life and special features that 
engineers, manufacturers, electricians and contrac- 


DECEMBER 19:7 


Another First by Westinghouse 


SAFE | |WUE 


Breaker 








tors have depended upon for years. Now plants whose 
safety codes require that contacts be visible can use 
the most modern form of circuit protection. 

See your Westinghouse representative, or write 
Westinghouse Electric Corporation, Standard Con- 
trol Division, Beaver, Pennsylvania. 


J-3028¢ 


- i SER, 
you CAN BE SURE...1F its VV estinghouse (W) 


ic} 
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Py P requires power supply of 1.5. watts, 
One Gibsiloy : | 


115 volts rms, 400 cps. 


£ a a s ‘i a | Cc A i #8 '@) N T A @ T Model MA 101 has a maximum 


power rating of 160 mw, an output 
Recommends Another. | of 12 volts d-c max across a 10,000 
| ohm load and 28 ma d-c through a 


There's a Gibson electrical contact 200 ohm load, and a time constant 
approximately equal to the voltage gain 


divided by 3750 (in seconds). It meas- 
9 


| ures 2 in. x 3 in. x 1% in. high, weighs 
ape Pes Si anadias ee fined by 7 oz potted, and requires power supply 


tomers special requirements. ain - | of 1.5 watts, 20 volts rms, 1,000 cps. 
sd agui, the success of one Gibson rs | Both models have 10 hook solder- 


contact developed for a customer has ; | type terminals and can be qualified 
aa euascene = i to military specifications MIL-E-5272 
and MIL-T-27. Dynamics Researc h As- 
Check the different types of Gibson contacts below, and get sociates, Div. of Universal Match Corp.. 
further details by writing for the free Gibson Catalog C-520. P. O. Box 5841, St. Louis 21, Missouri. 
Circle No. 521, Reader Inquiry Service Cards 
Widely used as a contact material . . . excels all other on page 17 

materials in electrical and thermal conductivity .. . 


when clean, has lowest contact resistance. STAINLESS STEEL SHEET 


An alloy of 90% silver and 10% copper . . . superior to WITHSTANDS 1200 F 

fine silver in hardness and resistance to mechanical “Chromalloy-Stainless” steel sheet, be- 

wear, but nas lower conductivity and higher contact cause its core is SAE 1010 annealed 

resistance because of copper oxide surface formation steel, eliminates bending 
- often useful where contact force is adequate or 

sliding action exists. 





and forming 
problems, and it can be staked, drawn 
or welded without difficulty. It has 


good heat conductivity, a characteristic 
Combine silver with other materials such as cadmium, 


which helps to reduce the actual metal 
Ee ee eee ree temperature and avoid the formation 
os or , . of hot spots. 
current, infrequent operation. 


The sheet, which withstands operat- 
Pioneered by Gibson te ing temperatures of 1200 deg F indefi- 
enswer demand fer combi- nitely and 1500 deg F for hundreds of 
nations of physical and elec- hours, is produced by a _ chromizing 
method. Through high temperature dif- 
fusion of chromium into the 1010 steel. 
a stainless surface is formed that is 
integral with the base metal and can 
not be separated from it. “The Chrom- 
alloy-stainless” skin will not spall. 
peel, flake or chip, even after an 80 per 
cent cold reduction. It is produced in 
sizes up to 2 x 5 ft and gauges from 
16 to 24. Chromalloy Corp., 450 Tarry 
town Road, White Plains, N. Y. 
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16-POSITION, SINGLE-POLE 
ROTARY SELECTOR SWITCH 


Rotary selector switch #1259 is de- 

signed to meet or exceed the following 
Include silver-tungsten, , sliver. military specifications: _ -B-5087 - 
molybdenum, copper-tungsten, copper-tungsten-car- electrical bonding; MIL-E-5272 — en 
bide contacts . . . withstand effects of severe arcing vironmental testing: LPs 1—plasti: 
«++ resist mechanical wear, impact and sticking. 
Many Gibson contact materials can be produced as molded 
shapes, rivets, “Steelbacks,” stampings, screws, overlay 
types and others. For more complete engineering data on 
what Gibson offers you, write for free Gibson Catalog 
C-520. No obligation. 


9 Engineered to Your Requirements 
e - ef 
ibsiloy Seren nacnraar tert 
Aiko AAA A BOX 590, DELMONT, PA. 
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DESIGN ENGINEERS! 


This compact, cool- 
running fhp motor 
Saves space and 
weight... mounts 
at any angle 





























Savings in space and weight are among the many 
advantages of using Wagner “48” capacitor-start or 
split-phase motors in your equipment. These motors 
come in the standard 48 frame sizes and weigh from 
3 to 8 pounds less than the previous models in the 
same hp ratings. 





Because no parts of the motor mechanism are 
housed in the endplates, it is possible to materially 
reduce their depth. An effective lubrication system 
assures positive protective lubrication for the bearings 
in any position. You can mount these motors at the 
angle best suited to your equipment. 





The capacitor-start, Type RK “48” comes in Y% or 


OUTSTANDINGLY EFFICIENT COOLING SYSTEM \4 hp ratings, and the split-phase, Type RB “48” in 

Va W i i ee 
Schematic drawing shows how a large volume of air is ea en Fe hp. Both types are available with resil 
directed through the motor to effectively reduce temperatures. ient bases or with rigid bases that are welded to the 


Large blower at right draws air in through drip-proof open- steel motor frames for ruggedness and strength. You 
ings in back endplate, forces it around back coil extension— 


through rotor vent holes—air gap—and through passages be- can get these motors from leading motor distribu- 


tween stator core and frame. Cast blower at left circulates air tors in your community and from Wagner sales offices 
around coil extension and drives it out the motor through 


eee vate in 32 principal cities. Check your telephone directory 
ront endplate openings. ; pane e . 
for the supplier nearest you. Write for your file copy 


of NEW Bulletin MU-217 on the Wagner “48”. 
BRANCHES AND DISTRIBUTORS 





IN ALL PRINCIPAL CITIES 


Wagner Electric @rporation 


6454 Plymouth Ave., St. Louis 14, Mo., U.S.A. 
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Y motor OFFERS 
ADAPTABILITY 


eee eee eee eee eee eeeeeeee 


This compact 4-pole shaded 
pole induction motor gives you 
a wide choice of horsepower, 
voltages, frequencies, starting 
torque, mounting provisions 
and other modifications. Stand- 
ard models have horsepower 
ratings from 1/30 to 1/200 hp; 
free speed 1700 rpm; _ load 
speeds 1400 to 1700 rpm; 115v, 
60 cycle, CW or CCW;; high or 
low starting torque. Mounting 
provisions are 2 or 4 stud, flat 
strap, or saddle strap. Modi- 
fications include end or side 
ventilations; internal fan. Other 
voltages and frequencies are 
available. Typical applications 
are for vending machines, fans, 
aquarium pumps, etc. 

The Y Motor is just one of 
many models in the compre- 
hensive line of Heinze Sub- 
Fractional Horsepower Motors 
and Blowers. Send us your 
product and _ specifications. 
Heinze Engineers will adapt a 
motor at no obligation. Or write 
for catalog. 


EE xc rec COMPANY 


685 Lawrence St., Lowell, Mass. 


ded a ae 
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materials; MIL-P-3115—plastic mate- 
rials; MIL-S-6807A—switches; MIL- 
V-173—fungus moisture treatment. 

Electrical characteristics are: 6 amp 
inductive at 28 volts d-c: voltage drop 
less than 0.1 volt at rated current load. 

The switching mechanism can _ be 
made as break before make, make be- 
fore break or a combination of both. 
The switch is designed to have a mini- 
mum operating life of 10,000 double 
cycles at rated electrical load, with a 
torque of 11 in.-lb max. The 16th 
position is isolated and cannot be en- 
gaged from either side unless the knob 
is pulled 4 in. and then actuated. 
High temperature operating character- 
istics include continuous operation at 
250 F and appreciable periods at 300 
F. Janco Corp., 3111 Winona Ave., 
Burbank, Calif. 
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CLIP PROVIDES FAST 
TWO-STEP ASSEMBLY 


Speed clip is designed to accommodate 
and retain any of the popular single 
or multiple wire cord sizes for use on 
appliances and other products. 
Designed with two locking steps, 
the clip is slipped over a wire and 


 MELBERLEEEREEEELEEEELE 


pre-latched, or compressed to the first 
locking position. Locking tabs on the 
underside of the clip locate and center 
the latching leg over the hole in the 
panel. On compression to the second 
locking position the latching leg is 
forced rearward by the locking tabs 
to catch the underside of the panel, 
securing the wire in the clip and the 
clip to the panel. Any tool pressed 
against the latching leg will release 
the spring steel clip for service of the 
unit. 

The clip provides fast assembly for 
either strain relief or plain clamping 


asg 


UNIVERSAL 
OT DBS 


available in 13 sizes 


with bored or solid hubs 


You can get ASG Universal Joints 
directly from stock in 13 sizes with 
bored or solid hubs ranging in diam- 
eter from .375” to 4.000’. Special 
bores, bores with keyways or set- 
screws are available upon special 
order. 


ASG Universal Joints are ruggedly 
constructed of heat treated alloy 
steel. Matching or mating parts are 
precision ground to permit easy 
interchangeability of components. 
Joints of 7%e’’ length and longer have 
snap ball oilers. Smaller Joints have 
oil holes. Oil enters at center of 
rotation to assure thorough lubrica- 
tion of moving parts. 


Send today for Bulletin No. 257 des- 
cribing the full line of A.S.G. Universal 
Joints available from your nearest 
distributor. 


ae SRM a Lm 


PERFECTION GEAR COMPANY 
HARVEY, ILL., US.A 
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.002" wide 


rolled copper 


ferelate [lei vel ey 


thickness of 


conductors 


highlights 


% 


a? 


This is what Taylor means by better printed 
circuits . . . the unretouched photograph 
above is an enlargement of the miniature 
etched test coil shown at right. Here is a 
dramatic illustration of exactly what Taylor 
means by saying rolled copper-clad laminates 
give you better printed circuits. Enlarged 
375 times, this photograph shows how the 
.002” wide conductors are parallel and free 
of pits, pinholes and lead inclusions. 


TAYLOR FIBRE CO., PLANTS IN NORRISTOWN, PA. AND LA VERNE, CALIFORNIA 


base laminate 


te 


Per 


particles 


Here’s Fine Line Etching 
--- 375 Times Enlarged! 


Actual Size 


Here’s proof of why you'll be 

satisfied with your printed circuits .. . if 
they’re made with Taylor copper-clad lam- 
inates. You’re assured of a uniform material, 
offering consistently satisfactory etching... 
better production rates. 


For more detailed information on Taylor 
copper-clad laminates . . . for a discussion on 
how these laminates can help you produce 
better printed circuits contact your 
nearest Taylor sales office. 


TAYLOR 


Laminated Plastics: 


INTEGRATED MANUFACTURER & FABRICATOR OF 


Phenolic—Melamine—Silicone—Epoxy—Copper-Clad and 


Combination Laminates * Vulcanized Fibre 


FIRST AND LARGEST PRODUCER OF 


Vulcanized Fibre; 


ROLLED COPPER- 


CLAD LAMINATES FOR BETTER PRINTED CIRCUITS 
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A TALENT FOR INVENTION: Leroy’ Lettering Equipment—a 
K & E development—insures perfect neatness and uniformity, yet it is 
simple to operate and requires no special skill or training. One man can 
start a job and another finish it without any variation in lettering. 
This K&E equipment comprises three basic, precision engineered 
parts: Leroy template, Leroy pen and Leroy scriber. Capitals, lower 
case, numerals, vertical or forward slanting letters can be drawn from 
a single template—an exclusive K& E feature. You can buy templates, 
pens, and scribers separately or in convenient sets. 


Leroy templates offer a variety of alphabets, sizes and graphic symbols. 
Electrical, mathematical, mapping, geological and other symbol tem- 
plates are available. Templates, with words or phrases that are fre- 
quently repeated, as well as templates with your own symbols, trade 
marks or designs, can be made to your order. 


To save time and money in your drafting room specify K& E Leroy 
Lettering Equipment. For other drafting or engineering equipment 


and materials also look to Keuffel & Esser Co.—your “Partners in 


Creating”’ 


ee 


who have served engineering for 90 vears. 


KEUFFEL & ESSER CO. New York. Hoboken, N.J., Detroit, 


Chicago, St. Louis, Dallas, San Francisco, Los Angeles, Seattle, Montreal 
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action and can be mounted anywhere 
and at any time 
after assembly. Tinnerman Products, 
Inc., P. O. Box 6688, Cleveland, Ohio 
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before, during or 


AIRCRAFT TEMPERATURE 
PROBE HAS CERAMIC 
BLANKETED TEMPERATURE 
ELEMENT 


Total temperature probe designated 
Model 49137 utilizes a resistive sensing 
element to accurately measure stag- 
nation temperature over the range of 

70 C to 


mach 1.5. 


+-350 C and at speeds to 


The pure platinum wire sensing 


element is encased in a thin ceramic 


blanket deposited on a_ thin-walled 
cylinder. This ceramic cover effectively 
seals the element and protects it from 
damage by articles entering the cham- 
ber. Resistance of the element is 50 
ohms at 0 degrees C (temperature co- 
efficient = 0.003 ohms per ohm per 
degree C from 0 to 100 C), response 
time is 1.5 sec max, and 
factor is 0.99 + 0.01. 
Specifically developed to meet re- 
quirements of MIL-P-25726, the probe 
is suited for any operational or flight- 
test application requiring accurate and 
rapid measurement of adiabatic tem- 
peratures. G. M. Giannini & Co., Inc. 
918 East Green St., Pasadena 1, Calif. 
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LIGHTWEIGHT FLUORO- 
CARBON TAPE 


Light-weight fluorocarbon tape known 
as Fluorolin 101 consists of a base of 
3 mils of Teflon, which is coated on 
one side with 3 mils of special heat- 
stable, pressure-sensitive 
adhesive providing a working temper- 
ature range from —100 to 500 F. 
priming treatment 
bondability to all materials 

metal, glass, fabrics, plastics. Fluorolin 
101 has a dielectric strength of 800 
vpm and tensile strength of 1,000 psi. 
It meets the specifications for Class 


non-curing, 


A special 


Zives 


high 
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GENERAL ELECTRIC INSTALLS MIDWESTERN INSTRUMENTS’ PAR-I SYSTEM 


Philadelphia, Pa.: A news release from General Electric's Missile F 
and Ordnance System Department announces the installation of 
Midwestern Instruments Precision Analog Recording System. 2 t 
. aes ‘ 7 15 Amplifier Channels Model 478 Sufficient to deflect a 
This modern, efficient and automatic processing and computa- al MI 102-3500 Galvanometer + 2 
tion center is a major facility in General Electric’s advanced See of nearity 0.25% 
isci ; Oscillograph interchangeable Model 591 anak ciaiahe 50 valle 
program of missile development and design. eee ee See SS ee 
of the drift and gain does not 


Amplifi h : ceed + ¢ t 
This newest Precision Analog Recording System was de el eames ie 000 ohms ane —t. re the entire 
nput al f2 


signed and perfected by MI to provide an extremely accurate Made! 477 DC 300 cps Seale Factor — Zero Offset Model 479 
method of obtaining an oscillographic record of analog pa _ Model 478 DC-3000_cps Manual or Programmed Adjustment 
rameters obtained from objects under study. The exceptionally re aka 0 i eee Gatee a ae oe 

Stable amplifiers are of modular construction and are directly nemeter = 2 laches 

interchangeable. 


The PAR system also provides a precise method of operat Midwestern Instruments invites your consideration of MI designed, 
ing on the input signals which can be scaled and positioned engineered and built Data Recording instruments and systems 
between grid lines on the oscillograph record to have a direct 
rélation to the original physical stimulus thus permitting easier 
data reduction. This operation on the input signals can be accom- 
plished manually or it may be programmed by punched tape. 


IMSTRUMENTS 
4lst & Sheridan Road «© Tulsa, Oklahoma 
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© 
HIGH SHOCK CRYSTAL-CASE RELAYS 





Sas 





Pi 


Ora eit seer TB). TNE poet SC Seba -set lupe 3! ss Ua | 
No Contact Openings. Shock: 100g./Vibration: 30g 55 to 2000 cps. 


SC NON-LATCHING TYPE—This micro-miniature relay sets new standards—in design, 
in performance, in reliability. Yet the SC conforms to standard dimensions and circuitry 
and may be used to replace ordinary crystal-case relays. A permanent magnet in the 
structure provides at least twice the contact pressure found in relays of compar- 
able size. This extra force accounts for the extremely high shock and vibration resistance 
shown in the specifications. 


SL LATCHING TYPE— Unique magnetic latch assures positioning of armature and 
exceptional pressure. A 1 watt, 3 ms. pulse to either coil transfers contacts. Transfer time 
is only 0.5 ms. Coils are designed for continuous duty. Has the same exceptional shock 
and vibration characteristics as the SC. 


POTTER & BRUMFIELD, INC., PRINCETON, INDIANA/SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 








8 <— nw Po : oe 
Pi ae - a et ae We 
Res Over 40 PaB Basic Relays at ae Ti a a aa oo 9 
q aes he . Ne ; . as oe > eee 
POON CR Lene ee Lr) ; Zz — ae Za 4 
: ty ae 











H insulation and is suitable for rocket 
and missile applications. 

Also available is a heavy-weight 10 
mil construction, Fluorolin 101A. Joc- 
lin Manufacturing Co., Wallingford, 
Conn. 
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ELAPSED TIME INDICATOR 


The Chronistor is a  subminiature 
elapsed time indicator which operates 
on the electroplating principle. It can 
be used for indicating the total number 
of hours during which any electrical 


Sl—dual coil latching relay. SC—non-latching relay with es appliance or component has 
Operates ona 1 watt, 3 ms. pulse series-connected dual coils. been in operation. The minute amount 
at nominal voltage. Permanent Operates on approximately 1 
magnet latch locks the armature watt at nominal voltage. Coils 
in either position. must remain energized tohold the 

armature in the operate position. 


SC and SL Series Engineering Data CHRONISTAT & 


GENERAL: Insulation Resistance: 10,000 megohms, min. 
Breakdown Voltage: 1,000 V. RMS. 
Shock: 100g. 
Vibration: 30g 55 to 2000 cps.; 0.195” max. 
excursions from 10-55 cps. 
Temperature Range: —65° C. to +125° C. 
Weight: 17.5 grams (5/8 oz.). 
Operate Time: 3 MS. max. with 550 ohm coil 
@ 24 V. DC. (SL: 630 ohm coil at 24 V. DC). 
Transfer Time: 0.5 MS max. 
Terminals: (1) Plug-in for microminiature recep- 
tacle of printed circuit board. 
(2) Hook end solder for one #20 AWG wire. 


of current required by the Chronistor 
Enclosure: Hermetically sealed. 


is provided by the unit being timed. 


CONTACTS: Arrangement: 2 Form C. No 
Material: Gold flashed palladium. 


Load: 2 amps @ 28 V. DC, resistive; 1 amp 
@ 115 V. AC, resistive. 


Pressure: SC—13 grams min.; SL—16 grams min. 


auxiliary relays or switches are 
necessary. Elapsed time is given as a 
direct scale reading. 

Applications include: to determine 
periodic overhaul times; to determine 
Power: Approx. 1.0 watt at Nominal Voltage. component replacement periods; war- 


Resistance: SL—40 to 1400 ohms; SC—35 to renty of instruments or equipment; 
1250 ohms. life test timing. 


Duty: Continuous. Principle of operation is as follows: 


MOUNTINGS: Bracket, stud and plug-in when a d-c current passes through the 
P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, electrolyte, metal ions are carried from 


> ( > ( > ag > _ ‘ > 
ELECTRICAL AND REFRIGERATION DISTRIBUTORS | the anode to the cathode. Since the 
cross-sectional area of the anode is 


| known and the plating efficiency is 
2 e | kept near 100 per cent while the cur- 
ine, rent flow is constant, the length of 

9 ‘e 


both the cathode and anode will change 
PRINCETON, INDIANA with time (the anode becoming shorter 
SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 
Manufacturing Divisions also in Franklin, Ky. and Laconia, N.H. 
Mail coupon below for further engineering data on P&B’s new SC and 
SL Series relays plus new compact catalog of standard type relays. 
If you need answers to a specific application problem, write in detail. 


and the cathode becoming longer). A 
time scale alongside the anode can 
then be calibrated directly in hours. 
Specifications are: size: standard 
size 3AG fuse; weight: 0.2 oz; mount- 
ing: any 3AG fuse holder; operating 
time: 100, 500, 1000, or 2000 hours 
standard; required current: approx. 1 


Potter & Brumfield, Inc., Princeton, Indiana 
Attn: T. B. White, Brig. Gen. USMC (Ret.) 
Special Projects Engineer 


: ma from any voltage source greater 
Please send me complete data on the new SC and SL Series 


é ? ( Ss. Jere é é ries AT 

relays, plus the new compact catalog of P&B standard relays. th in 3 volt Berge n Laboratories, 247 
Crooks Ave., Clifton N. J. 

Name Circle No. 527, Reader Inquiry Service Cards 

on page 1” 
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MDa eee Naa | SILICON POWER RECTIFIERS 
Pee Sa oy oS i Three silicon power rectifier diodes 
See our catalog in Sweet's Product Design File lypes 305, 320 and 321 are designed 


for all types of power applications 
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_.. resists shock and vibration 
... needs no transformer 


Phe light output of the new General Electric Glow Lamp, NE-79 is 
easily sufficient to illuminate the legend in a cover glass or lenses in a 






New G-E Indicator Lamp ‘lives’ 10,000 hours 










ed array of indicators. Made for use on 105-125 volt circ ults, in 





series with a 1 watt 7500 ohm re sistor, no transformer is needed. Since 








diameter it fits pilot assemblies which go into a 








mounting hole 
































NE- has inherent resistance to both shock and vibration and. 
nee it is equipped with a double contact bayonet base, it cannot shak« 
oose in the socket. For further information on the NE-79 glow lamp 














vrite to General Electric Company, Miniature Lamp Department 
EM-127, Nela Park, Cleveland 12, Ohio 

Other General Electric Glow Lamps have electrical characteristics 

hat let them serve as relaxation oscillator, leakage indicators, switches. 
re regulators, or voltage indicators 
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and provide d-c forward currents up tc 


1.6 amp with a maximum peak inverse 


voltage up to 800 volts. 


Maximum forward voltage drop at 
1 amp and 125 C case temperature is 


1.3 volts. The peak leakage current at 
the same case temperature will not 
exceed 1.5 ma. Maximum operating 
frequency is 50 ke. Operating junction 
temperature is 175 C. 

The rectifier case is the positive 
(cathode) terminal. Type 305 has a 
stud base for through mounting; Type 
320 has a pigtail base and Type 321 
has a plain base without the pigtail. 
All three cells are also available in 
complete rectifier bridge assemblies 
Westinghouse Electric Corp., P. O. Box 
2099, Pittsburgh 30, Pa. 
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MINIATURE WIRE-WOUND 
TRIMMER POTENTIOMETER 


Model 025 wire-wound miniature trim- 
ming potentiometer is available in 
resistances ranging from one ohm to 
125k ohms in a_ cylindrical case 
measuring only '4 in. diameter and 
114 in. in length. Nine units can be 
compactly mounted in a 1 in. square 
with the standard panel nuts. or 16 
units if tapped holes are used 





The one-piece case of anodized alum 
inum is effectively sealed to operate 
in critical military environments. Me- 
chanical range of 45 turns affords high 
resolution, with positive stops at each 
end of travel to prevent wiper discon- 
tinuity. A recessed slot in the adjust- 
ment screw eliminates screwdriver 
disengaging while changing setting. 

Power rating of the standard Model 
025 is 0.4 watt at 50 C derating to 
zero at 105 C. Higher temperature and 
dissipation values are available upon 
special order. All the features of 
cylindrical Model 025 are available in 


ELECTRICAL MANUFACTURING 
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BRAND MULTI- 
CONDUCTOR 
CABLE GIVES 
RCA’S BIZMAC 
SYSTEMS... 


¢ top signal fidelity 


¢ freedom from cross talk 


RCA’S Bizmac Business System Units com- 
bine to perform foolproof results in busi- 
ness efficiency. Connecting these units are 
three extremely flexible, abrasion resistant, 
Turbo-Brand multi-conductor cables, cus- 
tom manufactured for RCA. 

RCA says, “Brand cables transmit signals 
between our Bizmac units with high fidelity 
and without disrupting cross talk between 
signal lines.” 

One Brand cable (a) transmits a five 
micro-second pulse “write signal.” Low 
impedance drive allows transmission of 
signals through 400 feet of balanced lines. 
The cable has nine twisted pairs of AWG 
22 color coded conductors. The shielding 
of #36 tinned copper wires is braided over 
the conductor assembly. The over-all jacket 
is of .030” brown plastic. Another cable (b) 
transmits “tape control” signals which have 
a five micro-second pulse with about a 
three micro-second rise time across the 
conductors. Each of the 12 pairs of conduc- 
tors are shielded with a #36 tinned soft 
copper braid, and the over-all jacket is of 
.030” red polyvinyl chloride. The other 
cable (c) transmits “read signals” that 
resemble a full sine wave whose period 
is 70 micro-seconds. The 12 twisted pairs 
of AWG 22 conductors have a tinned cop- 
per over-all shielding braided over the 
conductor assembly. The over-all jacket is 
of .030” black vinyl plastic. 

The accumulated experience of the William 
Brand & Co., Inco: porated Engineering, 
Research and Production Departments is 
always available. You are invited to use 
these services in the solution of any of your 
wire and/or cable problems. 


Se ee " 


ee 


THE WILLIAM BRAND 
& CO., INCORPORATED 


TURBO 


WILLIMANTIC 1 D> CONNECTICUT 


electrical and electronic wires and cables * har- 
nesses and cable assemblies * plastic and coated 
insulating tubings * identification markers 
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...a complete data file 
for electronic designers 
concerned with — 


RF SUPPRESSION! 


Here’s a new METEX data file that’s just bulging with 


important information for designers. This folder contains 


individual data sheets plus a big, illustrated, 16-page, two- 
color bulletin on the suppression of radio interference. 
Get your free copy of this valuable, informative, fact-filled 


folder today. Just fill in and mail the coupon below for 
complete data. 


METAL TEXTILE CORPORATION 


Electronics Division Roselle, N. J. 
Gentlemen: 
Please send me your fact-filled METEX data file today. 
Name_ 


Address 


City Zone State 


Circle 206 on page 17 


rectangular Model 037, designed for 
application in circuitry requiring side- 
mounting. The one-piece aluminum 
body measures 144 in. x 14 in. x 3¢ in. 
Both models are available in resistances 
up to one megohm with carbon ele- 
ments. Con-Elco, P. O. Box 307, 1711 
S. Mountain Ave.. Monrovia, Calif. 
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MULTIPLIER PHOTOTUBE 
WITH 4-7/16 IN. DIAM 
PHOTOCATHODE 


The 7046 is a 14-stage. head-on multi- 
plier phototube having a 4746 in. diam- 
eter photocathode and featuring good 
electron-collection efhiciency, small 
spread in electron-transit time, short 
time-resolution capability. relative free- 
dom from after-pulses and high current 
gain. These features make the 7046 
useful in nuclear radiation measure- 
ments. 


Utilizing a semi-transparent photo- 
cathode on the curved inner surface of 
an ultraviolet-transmitting-glass face- 
plate, the 7046 has a spectral response 
covering the range from about 2500 to 
6500 angstroms. Maximum response 
occurs in the blue region at approxi- 
mately 4200 angstroms. 

The faceplate has a flat external sur- 
face which facilitates mounting of flat 
phosphor crystals in direct contact with 
the surface. Electron Tube Div., Radio 
Corp. of America, Harrison, N. J. 
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SELF-POWERED SQUARE 
WAVE ATTACHMENT 


Square wave attachment is a device 
for converting sine waves to square 
waves without elaborate circuitry or 
additional power. It is designed as a 
plug-in attachment for sine wave os- 
cillators and provides a sharp, sym- 
metrical square wave suitable for 


ELECTRICAL MANUFACTURING 





OF ARC 


KEARFOTT 
NEW SIZE 25 SYNCHRO is accurate to 0.5 minutes of 
arc. It requires no external compensating devices. 


Available as transmitters, control transformers, differ- 
«0 Mey 7/\be entials and resolvers. 


SECONOS 


SIZE 23 “PANCAKE” SYNCHROS are suitable for gimbal 
mounting and are accurate to 2.5 minutes of arc. 


SIZE 11 SYNCHROS for 4 wire systems offer accuracy 
of 3.0 minutes of arc. Standard 3 wire Synchros avail- 
able with 5, 7 and 10 minute maximum errors. 


ERROR - 


ACTUAL SIZE 


SIZE 11 


SIZE 25 
MAXIMUM ERROR 
30 SECONDS FROM E. Z 


KEARFOTT COMPONENTS INCLUDE: Gyros, Servo Motors, 

Synchros, Servo and Magnetic Amplifiers, Tachometer Gen- 

erators, Hermetic Rotary Seals, Indicators and other Elec eae 
trical and Mechanical Components. 


KEARFOTT SYSTEMS INCLUDE: Directional Gyro Compass 
Systems, Three Gyro Stable Platform Systems and Inertial 
Navigational Systems. 


Particulars on these and other Kearfott Components gladly 
sent on request. 


A SUBSIDIARY OF 
GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. Midwest Office: 23 W. Calendar Ave., La Grange, Il 
South Central Office: 6211 Denton Drive, Dallas, Texas. West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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GET MORE 


FOR, YOUR MONEY 


ith the WATLOW 
IRs CS ROL 


TRIDGE HEATING UNIT 


A new concept in design and manuvufactur- 
ing techniques has produced the FIREROD 
— capable of rendering 5 to 10 times the 
life of standard units, thus eliminating 
costly delays caused by burnouts. Because 
the FIREROD has the ability to operate at 
very high watts densities and temperatures, 
operation at normal watts densities and 
temperatures gives a greatly extended life 
and reduces your cost of operation. 


The rugged FIREROD is better able to with- 
stand rough handling, shock and other field 
conditions (such as over-voltage surges) 
without the breakdowns encountered in 
ordinary units. 


é Watt for watt, the long lasting FIREROD 
ic iis offers you maximum value 
for your heating dollar. 


WRITE FOR FIREROD BULLETIN 365 


ELECTRIC MANUFACTURING CO. 
1362 Ferguson Avenue 
Saint Louis 14, Missouri 
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many test purposes. The attachment 
derives its power from the sine wave 
source. No batteries are required. 

A simple voltage-doubler half-wave 
rectifier circuit is made up of diodes 
CR1, CR2 and capacitors Cl and C2. 
This converts the output of the oscil- 
lator to d-c power for the single tran- 
sistor stage built up around a _ high- 
frequency. 2N112 transistor. The same 
sine wave output of the oscillator also 


serves as the signal source to drive 
the 2N112 to saturation through R1. 
\ resistor-diode combination (R2. 
CR3) serves to balance the load on 
the oscillator during the transistor 
cutoff portion of the circuit operation 
Square wave output is developed 
across collector resistor R3. C3 bal- 
ances out capacitive effects in the 
transistor at high frequencies and 
helps maintain a 50 per cent output 
waveform duty cycle. 

Output clipping is provided by a 
bootstrap biasing network consisting 
of CR4, C4 and R5. Without this cir- 
cuit, power supply ripple apears on 
the output when the transistor is cut 
off. Signal attenuation is achieved by 
means of the R4-R6 combination. R4 
also serves to protect the unit in case 
of a short circuit. 

When driven with a 25 volt rms sine 
wave from a 600 ohm _ source, the 
square wave attachment will provide 
a 17 volt peak to peak square wave 
with a 3000 ohm or less internal re- 
sistance. The unit has a rise time ot 
less than 0.5 per cent of the period 
from 5 eps to 20,000 cps and a duty 
cycle of 50 per cent. Mandrel Indus 
tries. Inc.. 5134 Glenmont Dr., P. O. 
Box 13243, Houston, Tex. 
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LOW NULL VOLTAGE 
TRANSDUCER HAS PLUG-IN 
ASSEMBLY 


Transducer features a plug-in terminal 
for lead wires; the terminal assembly 
is mounted on the outside of the unit’s 
stainless steel shell. 

Low null voltage of 20 mv max 
makes possible a sensitivity of 0.49 my 
per 0.001 in. displacement per volt in- 
put at 2500 eps. Input is 12.5 volts. 
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New low cost magnetic clutches from “>. 


Vv 


nN 


Now you can get the same magnetic clutches used in today’s finest sig- 
nal seeking radio tuners. Originally designed by R/C for the rigid price- 
performance requirements of the automotive industry, they are finding 
new applications throughout electrical manufacturing. Designers are 
using them to replace cumbersome, complex assemblies . . . to save space 
and eliminate costly production steps. They show further promise in 
accomplishing jobs now being wastefully done with heavy duty and servo 
types at fifty to one hundred times the cost. 


F ; ; Of New R/C Magnetic Clutches 
Two types of R/C magnetic clutch are in high volume production Voltage vceeell to 16.2V 
now. Designed for operation at from 11 to 16.2VDC, they are also avail- 32V also available 


° ° Torque 8 in.-oz. minimum 
able for 32V operation . . . and can be further modified to meet your Reskoel Torees 8310-00 ee 
special requirements. Operating Temperature ......130F to -20F 


We'll be hz to send y . lete inf ti 7 ae or Relative Humidity tested to 95% 
€ 9e happy to send you complete information on the two types Life successfully completed 
shown, or if you wish, we’ll have an R/C engineer at your desk ready to 120,000 operations with 


‘i : . no sign of failure 
work with you to better fit R/C clutches to your needs. 


Operating Characteristics 


Ter 


weno co nN OE N S ER Cc. dO 


Davis & Copewood Streets ¢ Camden 3, New Jersey 

EXPORT: Radio Condenser Co., International Div., 15 Moore St., N.Y. 4, N.Y. 
CABLE: MINTHORNE 

CANADA: Radio Condenser Co. Ltd. 6 Bermondsey Road, Toronto, Ontario 
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Capable Transistor 


RIE IN LOR OE 


Transformer design 
is simple as 


Capable transistor transformer design 

is simple at ADC. The problems are no 

different than those for vacuum tube circuits. And 

ADC has been solving these design problems for 22 years. 
The transformer shown below at right, was ADC de- 

signed as an experimental output transformer for use by 

Minneapolis Honeywell with their H200E Power Tetrode. 

This transformer is capable of delivering up to 20 watts with 

low distortion through the frequency range of 20 to 20,000 

cycles. A typical application is pictured below in the class A 

amplifier circuit. 


The tiny transistor trans- 

formers such as those 

illustrated at the right are 

for low power applications. 

Introduction of new, low 

distortion, power transis- 

tors has required larger 

transformers, especially 

for operation at low fre- 

quency. While these may 

be new to transistor circuits, the design problems and solu- 

tions are identical with those of vacuum tube circuitry. 
Whether you are interested in transformers for use with 

transistors or vacuum tubes, it will be to your advantage to 


come to a firm with the design experience of a pioneer 
like ADC. 


site ov the ; EU ‘ ADC CATALOG 


AUDIO DEVELOPMENT COMPANY 
2836 13th AVENUE SOUTH © MINNEAPOLIS 7, MINNESOTA 
TRANSFORMERS ¢ REACTORS « FILTERS » JACKS & PLUGS «+ JACK PANELS 
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2500 cps single-ended and grounded; 
impedance is greater than 2500 ohms. 
Output is 6.1 volts per 1 in. displace- 
ment at rated excitation; impedance is 
less than 700 ohms. Range is + 0.63 
in. Phase angle is less than 20 degrees 
between + 0.01 in. and + 0.05, less 
than 16 degrees between + .05 in. and 

0.5 in. 

This design was developed to replace 
a precision potentiometer as a_ feed- 
back element in the circuitry of a 
hydraulic servo missile vane control 
system. Automatic Timing & Controls, 
Inc., King of Prussia, Pa. 
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REDESIGNED MOLDED-CASE 
CIRCUIT BREAKERS 


Two compact units for 120 and 480 
volt service simplify the design of 
custom panelboards and other original 
equipment. The units are the single- 
pole AB breaker for 120 volt service 
and the 3-pole breaker designed for 
180 volt power distribution. The 480 
volt 3-pole breaker is said to be the 
first of its type offered by any manu- 
facturer. Heretofore, 480 volt power 
distribution has required the 600 volt 
F frame breaker. 


The type NEF 3-pole 480 volt 
breaker (shown) is supplied with 
ratings from 15 to 100 amp a-e and is 
able to withstand short circuit currents 
of 10,000 amp. Unlike the 600 volt 
breakers it replaces, it is mounted in 
a compact E frame and requires only 
~3 of the panel area. 

The single-pole 120 volt breaker, 
type NEW, is supplied in ratings of 
15 and 20 amp in cases only '%g¢ in. 
thick, or one-half that of other units 
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NOTHING can equal 
Stainless Steel 


in its unique Combination of properties 







No other design material can match Stainless Steel in its 
combination of desirable properties:. corrosion resistance, 
strength, hardness, beauty, cleanability and easy fabrication. 
For a reliable source of supply, United States Steel offers 
you the widest range of types, finishes and sizes. Just call 
your steel warehouse. 

















For High Temperatures. This recuper- 
ator is used on industrial furnaces. It 
uses waste flue gas to heat the incom- 
ing furnace air and thereby increase 
the efficiency of the furnace. Formerly, 






For Cleanliness. When you work near nuclear radiation areas, 














these recuperators were made with you wear a small badge containing X-ray film that records 
ceramic tubes, but heat transfer was how much radiation you have received. The film, ‘‘photo- 
low and leakage was high. The dosimetric film,’’ is developed in a Sensitometric Processing 
Hazen Engineering Company in Pitts- Unit made by Bar-Ray Products, Inc., in Brooklyn. The unit, 
burgh makes recuperators almost including the trays shown here, is made completely from 18- 
completely from Stainless Steel. Com- gage Type 316 Stainless Steel because it resists corrosion, 
pared to ceramic designs, the Stain- is easy to clean, has a hard, dense surface that doesn’t 
less design saves about 40% in fuel, harbor dirt. 

increases furnace output about 10%- ee 

15%. The Stainless Steel performs aca it meneame a cee uaneneeaniean 


well, even at this 1800-2300° F. sepia oll cece coatenirasaaagte 
temperature range. 




















For Corrosion Resistance. The Her- 
cules Powder Company needed an 
ammonium nitrate storage tank for 
their plant near Richmond, California. 
They took an old, World War I concrete 
reservoir and lined it with Type 304 
USS Stainless Steel. The 14-gage 
sheets are laced with 18,000 feet of 
vacuum-tested welds. Tank holds two 
million gallons of solution, and is 200 
feet in diameter at the top. U. S. 
Steel’s Consolidated Western Division 
handled the complete installation. 


USS STAINLESS STEEL 


SHEETS +« STRIP «+ PLATES «+ BARS + 





BILLETS + PIPE «+ TUBES «+ WIRE 





* SPECIAL SECTIONS 
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ADVANCE 


HIGH PRECISION 
SUBMINIATURE RELAY 


biG - olay 


... Crystal can size 


Advance's MV rates superior to other 
high performance relays, yet is less 
than an inch long and weighs less 
than half an ounce. It meets military 
specifications and is designed for 
continuous use in the -65°C to 125°C 
emperature range. The MV has a life 


/ 


rating of 100,000 operations minimum 
at rated load. This relay is in produc- 
tion now and prompt delivery is as- 


Available from stock at leading distributors all over the country 


AMBIENT TEMPERATURE RANGE. 


DUTY 

OPERATING POWER 
CONTACT ARRANGEMENT 
CONTACT RATING 
CONTACT MATERIAL 
CONTACT RESISTANCE .. 
OPERATING TIME 
RELEASE TIME 

ALTITUDE 


DIELECTRIC STRENGTH ........ 


INSULATION RESISTANCE 


STANDARD COIL RESISTANCES... 


MOUNTING ARRANGEMENT ... 


TERMINAL ARRANGEMENT 


10 to 34 cycles per second at maximum 
excursions of .04‘'—34 to 2000 CPS 20G's 
acceleration 


50G's for 11 milliseconds 


100,000 operations minimum ot roted 
current 


- -65°C to 125°C 


Continuous 


+ Nominal 1.2 watts ot ambient temperature 


DPDT (2 Form C) 
2 amps resistive at 32VDC or 115VAC 


. »Silver-Magnesium-Nickel, Gold-plated 
- 0.05 ohms 


5 milliseconds maximum at nominal power 
5 milliseconds maximum 
Voltage breakdown of relay is 1000 volts 


AC at sea level—450 volts AC to 70,000 
feet 


- 1000 volts RMS 


100 megohms minimum at 125° C 


30, 120, 600, 1000, 2500, 5000, 10,000 
ohms; others available 


0.875 high x .797 wide x .359 thick 


moximum 
0.45 ounces (maximum) 


-Angle bracket (as shown), strap bracket 


or plug-in 
Solder-hook (as shown), or plug-in 


ADVANCE RELAYS 


[EGIN) ser cam ers cre 


| 366 BLUFF CITY BOULEVARD, ELGIN, ILLINOIS 
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with comparable ratings. Compact de- 
sign means that double the number of 
lighting and light load branch circuits 
can be served from panels of a given 
size. 

Compact physical design has been 
sacrifice of circuit 
breaker features that include true am- 
bient compensation, thermal-magnetic 
tripping for short circuit protection, 
welded silver-tungsten contacts, center 
handle trip position and legible posi- 
tion and rating markings. NEW and 
NEF breakers are supplied with 
pressure-type solderless connectors ap- 
proved for #14 to #6 conductors. 
Federal Pacific Electric Co., 50 Paris 
st.. Newark 1, N. J. 
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achieved without 


MULTI-PURPOSE, SENSITIVE 
RELAY 


Model 3003 relay will operate with 
as much as 0.5 megohm in series with 
the contacts. Relay action is initiated 
by an external contact connected to 
the input circuit, and the current 
through the contacts is less than 10 
millionths amp with 500k ohms con 
tact resistance. 


NSV AC ats ; 
SwnaL 1&2 0n 283 


Ceiey 


“a 


Operating time is less than 0.05 sec 
and the relay will drop out in 0.05 sex 
or less. Power amplification is about 
12 million to one, as the input power 
is less than 0.00005 watts and the out- 
put circuit can carry up to 600 watts 
A cold-cathode type tube is used and 
power consumption is less than 2 
watts. The relay operates from 115 
volts, 50-60 cycles power input. Con- 
tacts are DPDT with 5 amp resistive 
load. 

Some of the delicate operations 
Model 3003 can perform are: level 
control for filling containers, using a 
probe; temperature or pressure con 
column or 


trol where a mercury 
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parts 

in power saw resist 
wear befter than steel 
and cost less 


Another cost-saving application of Amplex Powder Metallurg 


With a modern power saw—easy does it. It’s in your case OILITE self-lubricating bearings and 
easier on the inside, too, because this manufacturer bearing materials can help you lick the problem of 
has equipped vital components with extra tough, providing lubrication in hard-to-get-at places. In 
greater wear resistant OILITE precision parts. The permanent metal filters, too, OILITE provides a 
manufacturer’s report indicates that OILITE wide choice of shapes, sizes and porosities to meet 
powder metal sprockets and gears offer greater product requirements. 
wear resistance than alloy steels. Amplex—volume producer of Chrysler-engi- 
Furthermore, in using OILITE precision parts neered powder metal components—can meet your 
the manufacturer of the power saw realizes sub- production schedules with on-time deliveries in any 
stantial cost savings over parts fabricated by any quantity. 
other process. Helping solve the problem of others is a daily 
What this manufacturer is accomplishing with occurrence at Amplex. This Chrysler-Amplex 
OILLITE precision parts, you can too. Or, perhaps, engineering service is available to you too 


p cHRYSteg, 


Only Chrysler Makes Oilite* 


AMPLEX DIVISION 


CHRYSLER CORPORATION «+ DETROIT 31, MICHIGAN 
*OILITE is a 


registered trademark Representatives and dealers located throughout the world 


BEARINGS + FINISHED MACHINED PARTS + PERMANENT METAL FILTERS + FRICTION UNITS + FERROUS AND NON-FERROUS METALS 
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‘74e TIMER RELAY 
that handles all controlled 


timing problems... 


This steel clad, factory set, tamp- 
er proof Durakool timer-relay 
practically non-breakable. Oper- 
ating life multiplied 5 to 6 times 
by new plunger construction fea- 
tures. 


= 
reiease 


i) 


Combinations of operate- 
time delays 0.15 

sec. to 20 sec.—either normally 

open or normally closed i 


from 


Durakool 


STEEL MERCURY TIMERS 


% No false contacts 

% Non sticking 

% Practically “fail safe" 
% Low cost timer 


See telephone directory for 
local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 


700 WESTON RD., TORONTO 9, CANADA 
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TWO NEW poT au COMPONENTS 


SHIELDED JACKS 


for effective shielding 
of high impedence circuits. Shield and 
cover cadmium plated steel. Made in open 
and closed circuits . minatures in 2 
conductor . standards in all circuits, 


2 & 3 conductor. 


PUSH BUTTON SWITCHES 


contacts. Miniature for low level circuits 


. for momentary 


only. Standard sizes in 2 ratings—integral 
contacts for low level circuits . . . fine sil- 


ver for 3 amp 115v. Write for Catalog. 


» Richards Electrocraft, Inc. 


3747 N. KEDZIE AVENUE, CHICAGO 18, ILLINOIS 


os 
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Bourdon tube contacts the relay; pre- 
cision measurement at the anvils of a 
micrometer; control of electronic sort- 
ing equipment. Monitor Controller, 99 
Grove St., Rockland, Mass. 
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MINIATURE MULTI-TURN 
ADJUSTABLE STOP 


Miniature multi-turn adjustable limit 
stop for the servo, instrument, and pre- 
cision mechanism industries is available 
in two models. O-10 
0-40 revolutions. It 


range-setting 


revolutions and 
features a_ single 
available at the 
end cap, which is capable of adjusting 
stop rotation from zero to full scale 
continuously and with precision. 


screw, 


The limit stop is 0.875 in. in diam- 


eter, synchro mounted. 152 in. long in 
the 0-10 turn model, and 17, in. long 
in the 0-40 turn model. Shaft diameter 
is 0.125 in. Other features are torque 
capacity of 40 oz-in., precision ball 
bearings, and construction of corrosion- 
resistant steel and anodized aluminum 
which conforms with applicable sec- 
tions of MIL-E-5400. 

The stops provide a_ pre-designed 
component that affords a combination 
of low inertia, low friction, 
ease of adjustment, large turns capac- 
ity, and capability for 


starting 


high speed 
application. They eliminate the time, 
cost and engineering effort required to 
develop limit stops for each new appli- 
cation and enable the designer to use 
limit stops as a component, in the 
manner that 
motors, and 
mounted 
Mechanisms Corp., 577 


Ave., East Meadow, N. Y. 
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same potentiometers, 
standard 


used. 


other synchro 
Precision 


Newbridge 


units are 


TOUGH NYLON RESIN FOR 
WIRE JACKETING MATERIAL 


Zytel 37X nylon resin, combining 
mechanical toughness with high resis- 
tance to heat and weathering, is de- 
signed primarily as a wire jacketing 
material. Wide use is expected in 
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BUSS Heat-Limiters ... 


Cut Off the Current at a Pre- 
determined Temperature to 
Protect . . . Hair Driers, 
Refrigerator Defrosters, 
Deep Fryers, Incubators, 
Ovens, Cookers, Heaters, 
Combination Room Coolers 
ae) | 
eteTee Lt Mae Mle ey J 
temperature control might 
cause trouble or a hazard. 


BUSS Heat-Limiters... 


provide ideal 
back-up protection 


for thermostatically 


controlled devices 
or apparatus. 


To guard against the possibility of dan- 
gerous overheating resulting if a thermostat 
fails for any reason... you can ‘back-up’ the 
thermostats protection with BUSS Heat- 
Limiters. 

~- 

BUSS Heat-Limiters prevent over- i 
heating creating a hazard or re- \ 
sulting in loss of material by cutting 


ANOTHER 


OUTSTANDING 
DEVELOPMENT 
BY THE MAKERS OF 


BUSS FUSES. 


a os 
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off the current when the tempera- 
ture reaches a pre-determined point. 


How a BUSS Heat-Limiter 
operates: A BUSS Heat-Limiter 
has a thermal cut-out that opens the 
circuit if anything causes the tem- 
perature to rise above its opening 
point. 


This safe protection remains safe 
thru the years. Dust corrosion or 
age cannot prevent a Heat-Limiter 
from opening safely. There are no 
moving parts to stick or wear out 


Where used: BUSS Heat 


Limiters can be installed in the 


— meee 


Bussmann Mfg. Division McGrow-Edison Co., Univer 


Please send information on BUSS Heat-Limiters 
Name 
Company 


Address. 
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heater element circuit—or if the 
heater current is controlled by a 
contactor they can be installed in 
the relay circuit. 


BUSS Heat-Limiters are avail- 
able many types and in many 
styles of terminals to suit require- 
ment. Tell us your problem and let 
BUSS engineers help you solve it. 


in 


For more information use coupon 
or write, Bussmann Mfg. Division 
McGraw-Fdison Co. St. Louis 


7, Mo. 


City 


State 


BUSS Sojety Valve HEAT-LIMITERS 





Digital Indicator (left) can dispiay a possible 
16 characters and is about half the size of 
the alpha-numerical Indicator (right) which 
displays 64 characters. 


INDICATORS 


for Data Display 
Storage and Transfer 


EL asiii Digital and Alpha-numer- 
ical Indicators are electro-mechani- 
cal, D.C.-operated readout devices 
for displaying characters in accord- 
ance with a predetermined code. 
The character display may be made 
to suit the users’ requirements. 

Indicators are designed for plug- 
in mounting in a row so that data 
or messages of any desired length 
can be stored, displayed or trans- 
mitted at will. The indicators can 
be applied to the output of dig- 
ital computers, teletype receiving 
equipment in conjunction with a 
buffer storage unit, telemetering 
systems, or wherever data needs to 
be displayed. 

An important feature of these in- 
dicators is their inherent storage 
and transmitting characteristics, 
which provide for data entry and 


retransmission. The indicators can 
be used to accept data from a 
source, free the source for other 
programs, and disseminate the data 
from one indicator to another as 
required. 

Two interesting applications: 
The Alpha-numerical indicator is 
being used in data display equip- 
ment for flight control built for 
CAA wherein data enters the sys- 
tem by keyboard or via teletype at 
60 words a minute, or from mag- 
netic drum storage at speeds up to 
1000 words per minute. 

The Digital Indicator is being 
used in pipeline remote control sys- 
tems, for displaying and storing 
telemeteral data such as tempera- 
ture, pressure, flow, etc. in a cen- 
tral office. Write for Bulletin No. 
1011 for further information. 


UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 


PITTSBURGH 18, PENNSYLVANIA 
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jackets for power and communications 
cables and wire rope. 

A jet black molding and extrusion 
powder, Zytel 37X is specially com- 
pounded with heat and light stabili- 
zers. Accelerated heat and light tests 
indicate that the resin is expected to 
outlive any other nylon. 

These characteristics, plus its abra- 
sion resistance and low water absorp- 
tion, make moldings of Zytel 37X pro- 
mising for use in machinery and elec- 
trical components. E. I. Du Pont De 
Nemours & Co., Wilmington, Del. 
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V4 IN. PRESSURE-COMPEN- 
SATED FLOW CONTROL 
VALVE IS TEMPERATURE- 
COMPENSATED 


Pressure-compensated flow control 
valve now also corrects for flow varia- 
tions due to fluid temperature changes. 
This one valve replaces 12 models in 
the 5 to 1000 cu in. per minute flow 
range. 

Average flow variations, due to tem- 
perature changes, have been reduced 
to approximately 14 the variation found 
in current models. A single adjustable 
throttle is used for all flow rates from 
5 to 1000 cu in. per minute, and allows 
a finer flow rate adjustment than any 
of the six throttles previously required 
to cover this flow range. This eliminates 
the possibility of mounting an incorrect 
valve. 


{rates 
FLOW CONTROL 
AND CHECK VALVE 


The valve has an integral check valve 
lo permit reverse free flow. Its maxi- 
mum reverse flow is rated at 1400 cu 
in. per minute. Flow rate adjustment 
is tamper-proof. A set screw prevents 
further adjustment of the selector knob 
and a cover over the set screw can be 
locked in place with a key. The valve’s 
design eliminates the necessity of an 
external drain. 

It is available for either gasket or 
sub-plate mounting and is interchange- 
able with the old models except for 
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How 


to cut » 
winding | 


COSts 


New versatile Leesona* Cross Winder increases production and 
lowers costs through reduced handling and winding time 


Now — with the high output No. 
111 Winder, you can produce cross 
wound coils of extreme accuracy 
singly or in multiple. 

Quality coils are assured by a pre- 
cision traverse system that cuts re- 
jects to an absolute minimum. 

Also, fine wire can be wound at 
high speeds without the danger of 
breakage by abrupt starts. An elec- 
tronic drive starts the arbor slowly 

. . gradually accelerates to full pre- 
set speed . . . and maintains a con- 
stant rate of speed for uniform wire 
tension and coil density from then on. 
All the operator has to do is press the 
start button. 

Reduces Handling Time 

Exclusive, optional programming 
attachment automatically stops the 
No. 111 Cross Winder so that your 


FOR WINDING COILS IN QUANTITY 
. . ACCURATELY .. . AUTOMATICALLY 
. USE LEESONA WINDING MACHINES 
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operator can remove taps. In many 
cases, this allows the operator to 
handle more than one machine. 

For multiple winding, the No. 11] 
can be equipped with an arbor trans- 
fer attachment that permits your op- 
erator to make group transfers — no 
individual anchoring of wire turns 
required here. 

An optional pie-winding attachment 
automatically indexes coils from 3%” 
to 14” between coil centers. 

The versatility of the No. 11] 
Cross Winder demonstrated above 
doesn’t tell the whole story of its 
many uses. Equipped with a progres- 
sive coil attachment, it can be used 
for high speed winding of variable 
and constant pitch progressive coils. 
It can also be used for single layer 
winding, bobbin winding, and is ideal 


for laboratory requirements. 

Changing coil “specs” has been 
speeded up too. On the Leesona No. 
111, gears are located on fixed centers 
so they have to mesh properly. The 
operator merely drops the change 
gears into position — no tools are 
needed. No other cross winder offers 
this time-saving convenience. 

Other features are: 

Dial controlled variable-speed trans- 
mission with 22 change gears covers 
all cross-overs per turn from 10 to 
3 

Standard winding speeds to 4000 
rpm up to 5000 rpm with special 
pulleys 

Traverse speeds to 4000 cross-overs 
per minute. 

Send for more details and the No. 


111 Cross Winder Bulletin. 


UNIVERSAL WINDING COMPANY 


P. O. BOX 1605, PROVIDENCE 1, R. I., DEPT, 1312 


9 So. Clinton St., Chicago 6, Ill. * 


1500 Walnut St., Philadelphia 2, Pa. 


Sales Representatives: 
E. G. Paules, Los Angeles, Calif. 
W. J. Westaway Co., Ltd., Montreal, Que.; Hamilton, Ont., In Canada 


Offices in Manchester, England; Paris, France and Frankfurt, German: 
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the drain connection. An optional “anti- 
jump” feature may be incorporated in 
the valve which reduces the hydrostat 


inlet opening and decreases the vol- 
EXTENSION 


ume of oil passed with sudden surges 
Ris 


of inlet pressure. Vickers Inc., 15 Mile 
& Crooks Rds., Detroit 32, Mich. 
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ANTI-BACKLASH 


MOTION TRANSMITTER i 
—— <i 
> . TOGGLE-ACTUATED SUBMINI- 
at ATURE SWITCH PROVIDES 
PANEL MOUNTING IN 
LESS THAN 12 SQ. IN. 


Designed to give the advantage of 


single-hole. panel mounting and a 
LONG RUNNING 
Nlokmel 1 da toggle actuator mechanism. together 


with subminiature size, the USMB-1 


CONSTANT- yy snap-acting switch fits into back-of- 


Id SOT N ss ; 
Soca -s | panel space only 27%2 in. by %g in. 
SPRING ae Connection terminals at the rear of 


a 


NEG’ ATOR MOTOR COUNTERBALANCE 
e 


® 
ARE YOU UP-TO-DATE ON THE NEG ATOR 
The First Practical Constant-Force Spring 


Things are happening fast to the NEG’ATOR Spring. 
Its use in instrumentation is growing by leaps 
and bounds. Still another major camera manufac- 
turer has incorporated a NEG’ATOR motor as the 
drive unit in a new model. New application the switch housing handle wires up to 
stories become available regularly. Many of the No. 18. 
predictions made for the NEG’ATOR (by design The toggle actuator can be furnished 
. engineers like yourself) are being realized. with any USM series basic switch. 
} fa > S sc . > ies > 
Oe To keep you up-to-date at all times, we are now The USMB-1 switch embodies th 


i . . > . 
: The NEG’/ATOR Sketchbook publishing the NEG’ATOR Sketchbook shown at 
; left. By means of regular issues, we intend to 


basic switch built to commercial stand- 
ards. The toggle actuator can also be 


furnished with the type USM5 basic 
make available to you all types of NEG’ATOR switch that meets military specifica- 


eS eo, : : = ek ; 
ee Soe) information—new data, new developments, func- tion MIL-S-6743; this unit is desig- 


tions, applications, and ideas. nated USM5B-1. 


If you will write us, we will be happy to send USM series switches are rated at 
you all past issues of this publication and add your = 2 amp 30 volts d-c, inductive; 4 7 
30 volts d-c, resistive; and 5 amp 
125/250 volts a-c. Unimax Switch, Div. 
The W. L. Maxson Corp., Ives Rd., 
Wallingford, Conn. 


Circle No. 538, Reader Inquiry Service Cards 
on page 17 


MAGNETICALLY ACTUATED 


MERCURY SWITCH 
Model DT-100 magnetically actuated 


, : : ance je 
neg ator mercury switch is a SPDT 1 amp, 115 
constant-ferce spring volt a-c hermetically sealed switch. The 
switch is sealed in hydrogen atmos- 
phere with platinum contacts wetted 


HUNTER SPRING COMPANY in clean mercury to provide millions 


oe ; of trouble-free operations. 
22 Spring Avenue, Lansdale, Pennsylvania The switch can be operated by 4o of 


SPRINGS «© STAMPINGS * TEST APPARATUS an 0Z moving magnet and will operate 


name to our list for future issues. Contact us 
today. Ask for the Sketchbook. 
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Designed for you...the motor buyer... 
an entirely new motor shaft, that 
assures longer life, more dependable 
motor power for your laundry 


equipment product. 


This new 5” shaft reduces bearing 
wear...provides rapid heat 
dissipation ...greater load-carrying 
capacity...lower average noise 
level...reduced end play, and prac- 


tically stops end-play “growth”. 


Just another reason to always 
specify Emerson-Electric Custom- 
Engineered motors! WRITE 


TODAY for complete details... 
Dept. M-89 


ee ee ee ee ee 


The Emerson Electric Mfg. Co., 
St. Louis 21, Mo. 


Shaft (left) is now being replaced 
by new-design 54” shaft (right) 

in all Emerson-Electric Motors 
for laundry equipment. 


EMERSON-ELECTRIC ithe Cetin 


eeeeeeeeereeeereeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeseseeee 


LIVE BETTER ELECTRICALLY since 1890 
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a full line of Chicago Standard 


INSISTOR TRANSFOR 
TRAN Ld IOR INANOTUR 


hermetically sealed or open mounting 


Twenty-seven new up-to-date transistor transformers have been added 
to the Chicago Standard stock line, available for immediate delivery. 
They match the most frequently used transistors, and have applications in 
many existing transistor circuits. Included are inputs, outputs, interstages 
ond drivers. 


These units are available hermetically sealed in military standard cases 
(type TAMS), built in accordance with MIL-T-27A, Grade 4 Class R 
operating temperature, life expectancy X (10,000 hours minimum). Also 
available with open mountings (type TA) for non-military applications. 
For detailed information, write for Chicago Catalog CT3-57 and 
Stancor Bulletin 535. 


TRANSISTOR AUDIO TRANFORMERS 
MS Type | Applica- Imp. in Ohms Max. Pri. |DCRes. |inOhms Power |Open Type 
Chicago No. tion Pri. Sec. | Sec. in Watts | Stancor No. 
Input 600 C.T. 10 
interstage | 100 C.T. | “or 
interstage 100 | 1000 C.T.| 
| Interstage | 500C.T. | 5000 C.T.| 
Driver | 1000 | 200 C.T.| 
Driver | 2000 | 200C.T.| 
Driver 100 | 100C.T.| 100 
Output | 9800 | 6 | 2 
Output | 1000 | 4/8/16) 10 
Output | 2000C.T. | 4/8/16| sat 
Output 48 C.T. | 8/16} 275 
Output | 20C.T.| 8 500 |. 
Driver | 200C.T. | 400C.T.| 10— 
Output | 24C.T. | 16/4C.T.4+ 200 | 
2 secondaries 16 ohm series, 4 ohms parallel 














TRANSISTOR POWER TRANSFORMER—Primary 117 V, GO cycle 


oe Plate Supply No. 1 Plate Supply No. 2 Stancor 
Agptiention AC Volts DC Ma AC Volts DC Ma Part No. 


For bridge rec- 
tifier systems | 130r18 900 | 13 or 18 900 | TP-1 


CHICAGO STANDARD TRANSFORMER CORPORATION 


3506 ADDISON STREET CHICAGO 18, ILLINOIS 
Export Sales: Roburn Agencies, Inc., 431 Greenwich St., New York 13 
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up to 30 degrees tilt from a vertical 
plane. Sensitivity is up to 60 opera 
tions per second. 

Electrical characteristics are: ] amp 
at 125 volts a-c, tungsten load; 3 amp 
at 125 volts a-c, resistive load with 
proper arc suppression; 5 amp at 40 
volts a-c. 

Applications include: thermocouple 
switching; magnetic drum switching: 
miscosecond pulse switching; solenoid 
switching in automation systems; and 
missile ground controls. 

Special design features are: the 
switch operates on the principle of a 
platinum capillary supplying mercury 
to platinum contacts from a reservoil 
of mercury in the bottom of the switch, 
providing a mercury-to-mercury contact. 
Hamlin, Inc. 1316 Sherman Ave 
Evanston, II. 
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MIDGET THERMOCOUPLE 
GLAND 


These midget thermocouple  gland- 
which are less than 11% in. long by 4 
in. hex, provide a positive seal for 
bare wire thermocouples from 0.005 
microns to 5000 psi. Temperatures can 
be accurately checked from —300 Ff 
to -+- 1850 F at a time constant of less 
than one second, insuring greater ac- 
curacy of measurement and control. 
They are machined from type 303 
stainless steel and are available with 
standard 14 in. taper pipe thread or 
standard aircraft thread AND 10056 

4 (“Ac in.—20 U N F—3A). 


The glands are available assembled 
including: lava sealant and insulators 
with standardized short thermocouple 
immersion of 46 in., or with protection 
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Announcing Another New Pt oduct ft Or 


pan 
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SILVER 


PLATED 


Reynolds new Silver Plated Bus 
Bar offers substantial economies 
over unplated copper bar .. . from 
35 to 50 % lower in price. It should 
be of prime interest to manufac- 
turers of metal enclosed switch- 
gear, power transformers, bus 
duct, panel boards and other elec- 
trical equipment, and to electrical 
contractors for the following 
reasons: 


It is attractive in appearance, light in 
weight and represents a sizeable 
savings over commonly used bare 
or plated copper conductors. 


Bolted joints can be made with no 
prior preparation of surface and no 
joint compound. 


Silver plating provides a surface 
readily tinned, soldered or brazed. 


Silver plating permits a higher oper- 
ating temperature in many installa- 


tions according to electrical codes. 


It provides minimum contact resist- 
ance for sliding or pressure contacts. 


Turn page for more information. 


PRE ae 
REYNOLDS GB ALUMINUM 















TECHNICAL DATA ON REYNOLDS 
SILVER PLATED ALUMINUM BUS BAR 


A Development of Reynolds Research Laboratories 


























el 





One of the most persistent problems in the application of alumi- 
num busses has been in the making of reliable electrical connec- 
tions with simple and inexpensive techniques. This problem is 
always related in one way or another to the oxide film on the 
surface of the aluminum, and the possibility of galvanic corrosion 
between aluminum and copper to which it might be connected. 
Silver contact surfaces are generally recognized as the most ef- 
fective means for insuring superior contact reliability. 

Silver plated aluminum bars have not heretofore been commer- 
cially available and no industry standards have been established 
for the quality of silver plating. Since industry practices varied so 
widely, the Reynolds Research Laboratories established the fol- 
lowing requirements for silver plated aluminum bus conductors: 



























* Perfect adhesion between the plating and the base 


metal... prevents blistering or peeling off under 
service conditions. 


* Free of porosity ... ordinary platings on aluminum 
tend to be porous, could lead to galvanic corrosion 
of the aluminum under certain conditions. 

* Good resistance to abrasion... plating must remain 
intact even though “wiping” contacts may be 
repeatedly made. 


* Maximum formability . . . forming operations can 
be performed without danger of peeling. 


* Plating costs must be low .. . offer substantial 
savings over bare copper bus. 


* Plating process must be applicable to all aluminum 
alloys commonly used for aluminum bus bars. 


REYNOLDS SILVER PLATED ALUMINUM BUS CONDUCTORS 
MEET ALL OF THE ABOVE REQUIREMENTS! 

In addition, a performance specification incorporating appropriate 

production quality control testing procedures has been developed 


to insure that the finished products will have uniformly high 
quality platings. 





COMPARISON OF RECTANGULAR SILVER PLATED ALUMINUM BUS BARS WITH UNPLATED COPPER BARS 
60 Cycle AC 














Cost per Foot 



























; Foot 
Ampacity (1 Aluminum Alloy Silver Plated Cost per 
(Current Carrying 6101-T62 Aluminum —— 
Capacity) 30°C Rise 6101-T62 opper (2) 











PC 
REYNOLDS G3 ALUMINUM 


as 


(1) Ampacity ratings based on standard indoor conditions. 
(2) Based on October 8, 1957, copper prices. 


For details and assistance from Reynolds Engineering Service on 
your products or problems, call your local Reynolds office or write 
Reynolds Metals Company, P.O. Box 1800-EW, Louisville 1, Ky. 

















tube of specified length; with color- 
coded insulated leads; Teflon covered 
leads protected by stainless steel braid 
or cadmium-plated interlocked tubing 
for protection against abrasion, crush- 
ing and mechanical damage. In addi- | 
tion, the assemblies are available with 
a thermocouple head. Conax Corp., 
2300 Walden Ave , Buffalo 25, N. Y. 
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BONDED RUBBER VIBRATION 
MOUNTINGS WITHSTAND 
TEMPERATURE EXTREMES 


Bonded rubber vibration and _ shock 
control mountings are designed to 
operate efficiently from —65 F up to 
1-300 F. These mountings, utilizing 
the manufacturer’s broad temperature 
























range elastomer, have the ability to | 
withstand temperature extremes with | 
minimum changes in physical proper- | 
ties. Transmissibility at resonance is | 
three or less at 68 F; at +300 F it is | 
less than 3.5. In addition, the broad 
temperature range elastomer is resist- 
ant to oil and ozone, and has high ten- 
sile strength, high tear resistance and | 
good flex life. | 
The hysteresis characteristic of the | 
material eliminates the need for auxil- 
iary dampers which generate harmon- 


ics destructive to mounted equipment. Choose from 


Applications for the mountings are in 
in the aviation, missile and rocket fields, | ® 
where the good isolation efficiency of 15,000 CONDULETS 
resilient elastomers is needed under 


severe environmental conditions. The | 
one-piece construction provides mount- 


for any electrical job, big or small 










ings of minimum weight and size. Lord What classifications of electrical equipment do your 
Manufacturing Co., 1635 W. Twelfth | specifications call for: Explosion-proof? Dust-tight®? 
St.. Erie. Pa. Weather resistant? Conventional? 
Circle No. 541, Reader Inquiry Service Cards Youll find them all in the Crouse-Hinds Condulet line. 
on page 17 


Here is the world’s broadest selection of plugs, receptacles, 
lighting fixtures, panelboards, motor controls, junctions, 
fittings and related items. 


1000 WATT CERAMIC 
TETRODE Condulets Look the Part...Act the Part! 


High-current. low-voltage radial beam 





Condulet designs blend with your own: they install 
easily, look well, perform superbly. They add sales appeal 
to your product because of their reputation for durability, 
appearance and ease of operation. 


tetrode has high power gain and a 
plate dissipation of 1000 watts. Desig- 
nated the 4CX1000A_ the tube 
incorporates all the advantages of 









For a single item of electrical equipment, or for highly 
complex installations, call on your Crouse-Hinds distributor 
for everything you need! For aid on special problems, call 
the nearest Crouse-Hinds field office listed below. 


*Dust-ignition-proof 


| MAIN OFFICE AND FACTORY: SYRACUSE, NEW YORK 






















j @ CONDULET® ELECTRICAL EQUIPMENT (Explosion-Proof and Conventional) @ FLOODLIGHTING 
| @ TRAFFIC CONTROL SYSTEMS @ AIRPORT LIGHTING and WEATHER MEASURING EQUIPMENT 
These products are sold exclusively through electrical distributors. For application engineering help, contact on 
of the following offices: Bator ye Birmingham Boston _Butfa ago Cincinnati Clevelar 


I 
( isti c 






ete 
Resident 
ng, Pa Richr 
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ceramic-metal construction and high 
temperature processing. 

Specifically designed for single side- 
band operation, the 4CX1000A is a 
low-voltage high-current Class ABI] 
r-f or a-f linear amplifier tube, exhibit- 
ing high power gain and very low 
distortion characteristics. 

The 4CX1000A achieves its maxi- 
mum rated output power with zero 
grid drive, thus minimizing driver stage 
design problems and eliminating one 
source of distortion. Eithel-McCullough, 
Inc., 798 San Mateo Ave.. San Bruno, 
Calif. 

Circle No. 542, Reader Inquiry Service Cards 

on page 17 


LATERAL MATING ACTION 
CONNECTORS 


Oblong connectors with 15 butt-type 
contacts represent a new concept ot 
lateral-action mating in which inter- 
connecting equipment is fastened via 
a sliding action. Lateral-action concept 
allows for more compact equipment 
design and increased reliability through 


BALDOR STREAMCOOLED MOTORS 


For years famous Boice-Crane Power Tools have 

enjoyed a reputation for faultless performance. 

And for years, like hundreds of other leading 

manufacturers, Boice-Crane has specified and more secure electrical and mechanical 
depended on Baldor Streamcooled Motors to contact. 


. Ss . . Connectors are rated at approxi- 
maintain its enviable prestige. oe 1 es 
mately 500 volts at 10 amp per contact. 


If customers demand this kind of superior Mated pair measure 31% in. long x 14 
performance from your equipment, it will pay you in. wide x 1's in. deep. 

to consult Baldor. Experienced engineers are Bodies are molded of diallyl phthal- 
available to help take the kinks out of all your ate and contacts are gold-over-silver 


: s c : ae plated. Amphenol Electronics Corp., 
knotty motor problems . . . without obligation! 1830 So. 54th Ave., Chicago 50, Ill. 
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POTENTIOMETERS WITH 
5 AND 10 TURNS 


Precision potentiometers Types HC-100 

and HC-105, available in 5 and 10- 

turn models. feature side terminals, 

| shorter internal lead length, and lower 

4353 Duncen Ave. St. Lovis 10, Missouri end resistance. Encased in Grade XX 
oN atindbaall Dales ® Cervion Disihetarsin USA laminated phenolic with a black mir- 
District Offices: Atlanta « Chicago » Cincinnati « Cleveland » Dallas ror finish, they are a slim 1 in. in 


Des Moines « Detroit « Indianapolis « Litchfield, Conn. « Los Angeles Bo are : en a ae 5 
Milwaukee « Minneapolis « New Orleans « New York diameter. Standard linearity is = 0.5 


N. Kansas City, Mo. « Oakland « Philadelphia « Portland, Ore. per cent. 
Type HC-100 features 3600 degrees, 
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Talk about impact resistance! The 5-year-old Araconda 
cable supplying this giant shovel with power was buried 
under thousands of tons of rock when a whole wall of 


the open pit mine caved in. . . yet the cable continued to 
supply power! This is one of the many Anaconda prod- 
ucts featuring Enjay Buty] for outstanding performance. 
Enjay Butyl is unmatched in its resistance to impact 
and abrasion, moisture and weathering, ozone and 
corona... properties that make it the world’s out- 
= wer standing rubber value. 
FES ee Low in cost and immediately available in a grade 8 HT T Y L 
tailor-made for your electrical application, Enjay Buty] is the rubber to boost 


performance and cut costs. For further information, and for expert technical 
assistance, contact the Enjay Company. 


Enjay Buty] is the world’s greatest rubber 
value ...the super-durable rubber with 
Pioneer in Petrochemicals outstanding resistance to aging « abra- 

sion « tear « chipping « cracking + ozone 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. and corona + chemicals + gases + heat + 
Akron« Boston* Chicago « Detroit * Los Angeles * New Orleans*+ Tulsa cold + sunlight + moisture. 
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Here's Transformer Progress 


You can now obtain 2% times greater 
inrush capacity from a modern con- 
trol circuit transformer than you 
could get just a few years ago. Com- 
pare, for example, the inrush current 
that equally rated units can handle 
at not more than 5 percent drop 
below rated voltage. 





r 
pe 
a 





Q degree +4 degrees rotation and 
is rated at 4 watts. Weight is 2.3 oz 
and standard resistance values range 
from 500 to 100k ohms. Type HC-105, 
which weighs only 1.8 0z, has a rota- 
tion of 1800 degrees. —O degree —+-4 
degrees and is rated at 3 watts. Stand- 









1940 Ordinary transformer 
with non-interleaved windings 
— 400 Percent Inrush. 

1945 Type SIO developed by 
Hevi-Duty with interleaved 
windings — 700 Percent Inrush 


ard resistance values from 250 to 





50k ohms. International Resistance 
Co., Circuit Instruments Inc., Div., 401 


1957 New Type SZO with interleaved windings, plus North Broad St., Philadelpha 8, Pa. 
other new design features developed by Hevi-Duty — 1,000 a ee ee ee ee Re 


Percent Inrush 













Yes, the story of transformer progress is still being written CONSTANT VOLTAGE TRANS- 
by Hevi-Duty. FORMER FOR 6.3 VOLT 


Write for Bulletin 300 for full information on new Type FILAMENT REGULATION 
SZO. Capacities from .050 to 5 KVA. 


Group of 5 static-magnetic regulators 


for stabilizing voltage supply to 6.3 
a E . D |) : Y E |e E to is 4 a Cc ¢ °o ae co y . ~ Y volt electron tube filaments are designed 
HEAT TREATING FURNACES HEVIEBHUTY ELECTRIC EXCLUSIVELY | for mounting as product components, 


and take the place of conventional, 
DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 


MILWAUKEE 1, WISCONSIN 
















unregulated filament transformers. 
They provide voltage regulated with- 








Circle 226 on page 17 ye in +1 per cent, with line voltage 
variations as great as +15 per cent. 





Regulation is automatic and _ instanta- 


PHILLIPS 
HERMETIC SEALS 


The Man from Phillips is the man to see for 
glass-to-metal seals — any type, any size, any 
quantity, standard or custom-engineered. Ex- 
ceptionally fast delivery. Write for catalog. 




















neous, with no moving or renewable 
parts. No manual adjustments are 
required. Response time is within 1.5 
CV les. 

Current limiting characteristic of the 
transformers restrict cold-filament cur- 
rent to an average 175 per cent of the 
transformer’s rated current. Controlled 
voltage supply extends filament life 
and improves tube operation. The 
transformers are available in current 
ratings of from 5 to 25 amp, permitting 
the operation of extensive banks of 
electron tubes from one filament supply. 
Sola Electric Co., 4633 W. 16th St., 
Chicago 50, Ill. 
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Phillips Control Corporation, Joliet, Ulimois — an avvieD PAPER CORPORATION 
SUBSIDIARY — SALES OFFICES: NEW YORK - PHILADELPHIA - BOSTON - SAN FRANCISCO - DENVER - SANTA 
MONICA - WASHINGTON - WINSTON SALEM- CLEVELAND - DALLAS - SEATTLE - KANSAS CITY - ST. LOUIS - DETROIT 
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ANACONDA WIRE & CABLE COMPANY 


INTER-OFFICE CORRESPONDENCE 
COPIES TO 


TO: Fred Luna DATE July 1, 1957 


FROM: w. E. Sprackling orFice Hastings 


SUBJECT ADVERTISING 


REFERRING TO Quality Control 


Inspection - ETL 
FILE REFERENCE: 


Fred, we've been telling our customers about our methods 
of Inspection, our Quality Control, and other manufacturing safe - 
guards. But perhaps we're missing a bet. I think the BIG THING 
is what the Electrical Testing Laboratories, Inc. does for us -~ 
not just the fact that they calibrate all of our testing equipment 
(that's quite common), but that they actually go through our test 
reports at all mills annually to see that our testing system 15 
functioning the way management planned it. 


I don't think any other outfit goes 5° far as to have such a 
complete independent audit. To me -~- that's newsworthy ~~ our 
customers should know that we have an outside agency ~~ fully 
competent -- to watch after their interest. 


Why not tell our story broadly -- after all, it's to the cus- 
tomers' interest -~ they will appreciate, I'm sure, what is being 
done for them. 

ee 


Ww. 


p. s. And another important thing -- the inspection department 
is entirely separate and independent of production -- 


reporting only to the Vice President in Charge of Manufac - 
turing. 





THE NE W artos AUTOMATIC 


wire-stripping and 


TERMINAL-ATTACHING MACHINE 


Artos TA-20-S 
with guard raised 


Some examples of terminals attached by Artos Machine 


This new Artos TA-20-S brings still greater speed and production 
economy to large-quantity users of wire leads with terminals at- 
tached. It automatically performs the following services all in one 
operation: 


1. Measures and cuts wire to predetermined lengths. 

2. Strips one or both ends of wire. 

3. Attaches practically any prefabricated terminal in strip 
form, to one end of wire. 

4. Marks finished wire leads with code numbers and 
letters. (Optional attachment not standard part of ma- 
chine.) 


ALL OPERATIONS ARE AUTOMATIC. Machine can be operated by 
unskilled labor. It is easily set up and adjusted for different lengths 
of wire and stripping. Die units for different type terminals simply 
and quickly changed. Production speeds up to 3,000 finished pieces 
per hour. 


ARTOS MACHINES ARE USED by electric appliance, 
automotive, aircraft, electronics and other industries 
that want automation in the production of wire leads 
in quantity. Agents throughout the world. 


Engineering consultation and 
recommendations given with- 
out obligation. 


BULLETIN Artos TA-20-S 


AROS te: 


2741 South 28th Street 


WRITE FOR é No. 655 on the 


Milwaukee 46, Wisconsin 
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Laboratory 


and 
Engineering 
Equipment 


ISOLATED MINIATURE 
POWER SUPPLY 


Model A150-10A Isoply is the second 
in a series of isolated miniature power 
supplies. featuring very low shunt 
capacitance from d-c output to ground. 
\ novel transformer construction and 
special mounting of the rectifiers and 
filter circuit elements allows the sec- 
ondary circuit to be capacitively as 
well as  conductively isolated from 
ground. 

The low shunt capacitance ( 20 pyf) 
makes the supply suitable for a wide 
variety of high-speed  direct-coupled 
circuits that require an ungrounded 
power supply. The Isoply is also useful 
wherever bootstrapping is needed, as 
in pentode cathode followers and 


sweep generators. 


\ leakage resistance in excess of 
100,000 megohms and voltage break- 
down exceeding 2500 volts are features 
that make it useful in special appli- 
cations. Extensive shielding in the 
transformer provides very high attenua- 
tion of power line noise. 

This model features a regulated 150 
volt output rated at 10 ma max cur- 
rent. Maximum ripple is less than 0.01 
volt. The unit operates from 110-125 
volts, 60 cycles a-c. Many units can 
be connected in series to provide a 
high voltage source with regulated out- 
puts in steps of 150 volts. Dimensions 
are 15 in. wide x 214 in. long x 5% 
in. high. A ventilated cover that pro- 
vides electrical shielding is available, 


ELECTRICAL MANUFACTURING 





HARPOON-ACTION FASTENER 
simplifies front mounting 


Thrust this Tinnerman Dart-Type SPEED Brand Fasteners that can help take 
C.ip* through the front of a panel. Spring- | assembly costs out of your products. Call 
steel fingers compress, then expand to him today. Or write to... 


lock tight, never to loosen until you pull TINNERMAN PRODUCTS, INC. 
the clip out. DEPT.12 » BOX 6688 + CLEVELAND 1, OHIO 


This time-saving SPEED C.ip feature can 
be combined with other Tinnerman fasten- TINNERMAN 
ing principles and almost any spring-steel 
shape. Result—multi-purpose, cost-cutting 
fasteners that solve a variety of fastening 
problems. You eliminate screws, nuts, lock- 
washers, secondary fastening methods. You 
reduce parts handling and achieve a faster, 
smoother assembly-line flow. 


Your Tinnerman representative can 


FASTEST THING IN FASTENINGS® 
show you these and many other SPEED Nut" 


CANADA: Dominion Fasteners (td, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecano-Bundy Gmbl, Heidelberg. 
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In a hedgehog hodgepodge of dials, meters, 
indicators, lights, knobs and switches, 
Beckman Linear Scale Ammeters still read 


RIGHT) AT A GLANCE 


BECKMAN LINEAR SCALE AC AMMETERS pop right out 
of clutter and confusion to read right at any angle, 
any distance. The expanded scale tells the full 

story, even when there’s barely time for a peek. 


WHAT'S THE SECRET? Linear scale: More accurate because 
graduations are evenly spaced instead of huddled 
together foolishly at one end of the scale; more legible 
because the needle position tells the tale at a glance, 
without any discussion. And there’s no disturbing 
distortion from shadows, wherever the pointer points. 


IS THERE A TRANSFORMER? Glad you asked. The special current 
transformer, which converts AC current to 5-ma. level, 
can be more than 150 feet from the meter without hurting 
a thing. Meter and transformer—both completely 
sealed—have a combined weight of 22 oz. 

SOME SPECS? Accuracy: +2 % from 325 to 475 cycles. 
Frequency: 400 cps nominal. Meter range: 0 to115 amps. 
Volt-ampere consumption : less than 0.05 va at full scale, 
Ambient temp. range: —55° to +71°C. 


ALL THE DETAILS? Write for data file 124J. 


Beckman Newport Beach, California 
Helipot A division of 


Corporation Beckman Instruments, Inc. 
Engineering representatives 
in principal cities 
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and also, 105-volt and 150-volt models 
with an auxiliary 6.3 volt 0.3 amp trans- 
former winding for supplying filament 
or heater power. Elcor, Inc., P. QO. 


Box 354, McLean, Va. 
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OSCILLOGRAPH RECORDER 
FEATURES UP TO 19 
CHANNELS 


Type 503 dynograph direct writing 
oscillograph recorder is designed for 
applications requiring more than 8 
channels of information on one record- 
ing chart. Up to 19 recording channels 
are available, using either ink or 
electric curvilinear recording. The 
manufacturer supplies 241% in. printed 
paper, either in roll or folded form, 
and 500 foot unprinted rolls as desired. 

Pen spacing of 2 in. is normally 
provided with assemblies of 12 chan- 
nels or less, and pen spacing of 114 


sania) 


in. with assemblies of 13 through 19 
channels. Other pen spacing can be 
supplied if desired. The paper is 
driven by a synchronous motor and 
eight-speed gear box, providing instant 
selection of speeds of 1, 2.5, 5, 10, 25, 
50, 100, and 250 mm/sec., accurate to 
1 per cent. Paper is driven from both 
edges. 

The recorder features fast response, 
high sensitivity, and drift-free record- 
ing through the use of the manufac- 
turer’s chopper amplifier. Offner Elec- 
tronics Inc., 5320 North Kedzie Ave., 
Chicago 25, Ill. 
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A-C RATIOMETER ACCURATE 
TO 5 PARTS PER MILLION 

A-C ratiometer is capable of measuring 
a-c voltage ratios between 0.000001 and 
1.111111 with high accuracy and at 
any load. With an accuracy of 5 ppm 
at unity ratio, the instrument is well- 
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HOW TO TEST CORES 


You can get your core program off the ground now with the 


Burroughs BCT-301. This complete and flexible system for accu- 
rately measuring the operating characteristics of tape wound cores 
is the result of six years of core research at Burroughs. And with 
it, you get the benefit of advanced techniques and 

which are now in everyday use at Burroughs, and are accepted 


practice among major core manufacturers. 


Designed expressly for the individual testing of square loop 


loop 
cores, the BCT-301 allows precise control over frequency, pattern, 
amplitude, and rise time of the core driving signal. Thus, yo 
get extremely accurate measurements of the switching time of the 
core as well as the amplitude of the output pulse. And the unitized 
sections of the BCT-301 can be expanded and modified to meet 


new testing requirements as they arise. 


Write for additional details on the BCT-301, or request a 


demonstration of how this new tool can get your core program 


off the ground now. 


specifications 


core low-noise test mounting jig applies tight single turn 
mounting ops around core for input and output windings. Spe- 
iig: cial electrical and mechanical design minimizes pickup 
by the secondary as well as other disturbances caused 
by air flux. Adjustable pins accommodate wide range 

of bobbin sizes with equal precision. 


pattern Provides extreme flexibility in generating pulse patterns 
generator: applied to core, controlling pulse spacing, repetition 
rate of cycle, and number of pulses in pattern. 


current Two drivers convert voltages from pattern generator 
drivers: into positive and negative constant current pulses used 
for driving core. Front panel controls vary current am- 
plitude from 0 to 1.0 ampere; rise time from 0.2 usec. to 
1.0 yssec.; pulse duration from 1.0 psec. to 10.0 usec. 


calibrator: Accurately measures currents and voltages. Permits 
measurement of driving current and amplitude of output 
voltage with an error of less than 1%. Used with cali- 
brated oscilloscope, permits highly accurate readings 
of switching time. 


tools for engineers 


Provides seven regulated d-c voltages. 


Burroughs Corporation -* ELECTRONIC INSTRUMENTS DIVISION, DEPT. F, 1209 VINE STREET, PHILADELPHIA 7, PA. 
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IN THE UNITED STATES 


Frigidaire Div., General Motors Corp. 
Philco Corporation 

General Electric Company 
Hotpoint Company 

Admiral Corporation 
Westinghouse Electric Corporation 
Servel, Incorporated 
Whirtpool-Seeger Corporation 
King Refrigerator Company 
Quicfrez, Incorporated 

Glascock Bros. Mfg. Co. 

R.C.A. Whirlpool 

Ranney Refrigerator Company 
Ben Hur Manufacturing Co. 
Maytag Compary 


SIMMONS FASTEN ERS QUICK-LOCK @ SPRING-LOCK @ ROTO-LOCK e@ LINK-LOCK @ DUAL-LOCK 


Top Refrigerator Makers Now Save 
with Spring-Lock Shelf Supports 


Mac, Incorporated 

Springer Industries, Inc 

Amana Refrigeration Inc. 

Buh! Mfg. Company 

Acme National Refrigeration Co. 
Franklin Mfg. Co. 

Revco, Incorporated 

Jordon Refrigerator Co. 

McCray Refrigerator Co., Inc 

Harder Division, Tyler Refrigeration Corp 
United Refrigerator Co., Inc. 

Howard Refrigerator Co 

Kelvinator Div.—American Motors Corp 
A. J. Lindemann & Hoverson Co 

Norris Thermador Corporation 


The list is growing 


Now 45 leading refrigerator makers 
find Simmons plastic SPRING-LOCK 
the ideal shelf support. It is 

strong, attractive and low in cost. 
Installation is blind, quick, easy, 
secure. A half-turn causes the spring- 
steel legs to grip panels securely. 
Design flexibility of SPRING-LOCK 
makes it ideal for a variety of uses... 
shelf supports, cover knobs, drawer pulls 
ind others. Any shape head can be 
molded in any color. Steel insert, 
around which the plastic is molded, 


provides strength-plus. Write tod.) 


———_—_—_____ 


for 40-page catalog on the comp 
line of Simmons Industrial Fa 


Samples upon request. 
i i 


IN CANADA 


Frigidaire Products of Canada, Ltd 
Canadian G. E. Co. Ltd 

Liquid Carbonic Canadian Corp. Ltd. 
Tudhope Specialities, Ltd. 

Fleet Mfg. Co., Ltd. 

Racine Mfg. Co., Ltd. 

Taymouth Industries, Ltd. 
General Steel Wares, Ltd. 

Moffats, Ltd. 

Canadian Westinghouse Co. Ltd. 
Canadian Admiral Corp. Ltd. 

E. Roy Industries Ltd. 


FOREIGN 
International G. E. Co. (Mexico) 


Saar Brown Boveri (Germany) 
La Casa Grande (Cuba) 


@ HINGE-LOCK 


Simmons Fastener Corporation 1752 North Broadway Albany 1, N. Y. 
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ANOTHER HUNTER DOUGLAS “FIRST — Newest member of the spe- 
cial metals family to undergo successful cold forging at Hunter 
Douglas is Molybdenum —now produced experimentally in pre- 
cision tubes of nominal length. Not a standard production item; 


cost necessarily restricts Moly tubes to vital projects, at present 


* SIDEWINDER: 


Designed by Naval Ordnance Test Station, China Lake, 
California. Aluminum rocket motor mass produced by 
SCM ESM UUM hes OL 


Hunter Douglas 
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Aluminum Division of Bridgeport Brass Company * Dept. EM-12, Riverside 
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In the skies today flies a new series of 
deadly, pilotless rockets...lethal in their sting, 
unerring in their flight. Infrared control 
solved the major problem of guidance but 
mass production of the rocket with economy 
was still a difficult assignment. Here, Hunter 
Douglas aluminum cold forgings proved 
uniquely successful. 

This process achieves fast, economical 
production of tubular shapes with a variety 
of internal and external structural details 
integral with the tube itself. Costly fabrication 
and time-wasting assemblies are eliminated. 
The resulting tubes are stronger, simpler, 
cheaper, more accurate and more efficient! 
Combine these advantages with straightness, 
roundness and true diameter from end to end 
and you’ll see why Hunter Douglas is the 
recognized source for cold forged tubular 
components from coast to coast. 

If your contract includes tubular or hollow 
shapes—with or without closed ends—get the 
facts on Hunter Douglas Aluminum Cold 
Forgings. A letter will bring recommendations. 


California * OVerland 3-3030 





il 


J. Dillingham Duckworth III is the famed sporting man, patron 
of the arts and internationally known bon vivant. He rarely speaks 
without saying something. 


Thomas & Skinner is proud of its long association with Mr. Duck- 
worth. (Please don’t ask what Mr. Duckworth does with our prod- 
ucts. He’s happy with em. We don’t ask questions. ) 

Mr. Duckworth is just one of our many customers who have found 
r&S products and services offer the very highest in satisfaction . . . 
for creation of long and friendly business relationships. 

T&S prides itself in service . . . being big enough to serve you... 
small enough to serve you well. If your problems involve magnetic 
materials— permanent magnets, wound cores, laminations or silicon 
iron magnetic tapes—call on T&S for expert consultation. 


SPECIALISTS IN Permanent Magnets ) Magnetic Tapes ()\.\ 


\ 
MAGNETIC MATERIALS Laminations [<)) and Wound Cores © 


os Thomas s Skinner, Ine, 


1114 E. 23rd St., Indianapolis, Ind. 
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suited for testing precision trans 
formers, resistors, capacitors, and in 
ductors used in computers or othe 
critical circuitry. 

Two models are available, providing 
an overall frequency range of from 40 
cps to 2000 cps. The instrument is 
normally furnished with plug-in units 
for operation at 60 eps (Model 206) 
or 400 cps (Model 204). Other plug-in 
units are available to cover any spec i- 
fied frequency. 

The a-c ratiometer employs an a-c 
bridge circuit with a variable trans- 
former in the balance arm of the cir- 
cuit. The effects of quadrature and 
harmonics are eliminated by quadrature 
voltage injection and filtering. A tran- 
sistorized amplifier provides enough 
gain to feed the null signal directly 
to the deflection plates of an external 
oscilloscope, which serves not only as 
a null indicator, but also as a direct 
reading indication of quadrature volt- 
age injection. 

With factory calibration, accuracy is 
within 5 ppm at unity ratio, or 500 
ppm at a ratio of 100 to 1. By follow- 
ing a simple calibration procedure, an 
accuracy of 5 ppm can be attained for 
any specific ratio within the range of 
the ratiometer. 

The instrument is housed in a two- 
tone metal cabinet measuring 24 x 15 
x 16 in., and weighs 77% lb. Trans- 
formers, Inc., 200 Stage Rd.. Vestal. 


Neo 
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PHASE ANGLE VOLTMETER 
FEATURES PHASE-SENSITIVE 
NULL INDICATION 


Phase-sensitive null indication with 
less than 5 pvolts of noise is possible 
in control systems with the Model 201 
BR rack mounting phase angle volt- 
meter. The instrument, in portable and 
rack versions, provides 10 pvolt sensitiv- 
ity as a phase sensitive null indicator. 
with less than 5 pvolts of noise. Har- 
monic rejection exceeds 55 db, when 
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“Less inspection time, less rewiring, 
when we use Rome’s machine tool wire” 


Snyder Tool & Engineering Co., De- 


troit, Michigan, uses Rome’s machine 


tool wire because it keeps wiring costs 


MORE THAN 128,000 FEET of Rome’s 
machine tool wire are used in Snyder’s 32- 
station segmented transfer machine that 
turns out 157 finished auto exhaust mani- 
folds per hour. Ten control panels and one 
master control panel “supervise” the com- 
pletely automatic operation of ten indi- 
vidual machine sections. 
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at a minimum. 

“We buy Rome wire in million- 
foot quantities and find that the 
quality is consistent in each lot re- 
gardless of when it is purchased,” 
says G. H. Whitehouse, Snyder’s 
vice president. “This results in a 
significant saving of time in inspec- 
tion and rewiring a faulty job.” 

You, too, can save—as Snyder does 
—with Rome’s machine tool wire. In 
addition to uniform quality, your wir- 
ing will be protected by Rome’s spe- 
cially compounded thermoplastic insu 
lation. It is highly resistant to heat, 


ROME 


c @ 
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ame, moisture, acids, oils and cutting 
solutions. 

You can speed up your complicated 
wiring jobs because Rome’s machine 
tool wire is surface-printed for easy 
identification. And you can increase 
the number of circuits because of uni- 
formly small diameters. 

If inspection and rewiring are prob- 
lems in your shop, solve them by using 
Rome’s machine tool wire. For more 
information, contact your nearest Rome 
Cable distributor—or write Department 
381, Rome Cable Corporation, Rome, 


New York. 


CABLE 


A T O N 





—— 
used with internal filters. Nulling is 
accomplished at any phase angle by 


means of a switch and calibrated phase 


Mi | shifter. The dual filter, phase angle 
i¢@ro ox ece imer | voltmeter performs equally well as a 

| meter for direct measurement of magni- 
tude of signal fundamental, phase 
angle, quadrature and in-phase com- 
ponents. 

Full-scale voltage ranges of from 1 
my to 300 volts, in 12 separate scales. 
are available for measuring the signal 
magnitude, quadrature, or in-phase 
| component of a signal. Full-scale volt- 
| age measurement of quadrature can be 





made to +6 degrees, allowing angular 
measurement to 0.1 degrees. Substitu- 
tion measurements of phase angle can 
also be made, using the built-in, cali- 
brated phase shifter. 

Applications include: phase-sensitive 
null indicator, ratiometer, detector for 
synchro bridges. amplifier alignment, 
and transducer zeroing. North Atlantic 

_ Industries, Inc., 603 Main St., West- 
FOR - : ‘ pury, 1. 1. N.Y. 
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AND PROCESS ride a4 | AUTOMATIC SOCKET SET 
CONTROL Aig SCREW FEEDER-DRIVER 


Feeder-driver automatically feeds and 
drives standard socket set screws at 
rates up to 1800 per hour. The ma- 
chine will handle standard, unmodified 


socket set screws in either hex of 


° multiple spline socket types, and with 
Accurate to ] part in 1200 any of the standard points. Screws in 


diameters down to No. 2 wire size 
Time settings of pinpoint accuracy are a reality, thanks to the Microflex and up to 5g in. diameter can be 
double dial. It takes one complete turn of the inner dial to advance the driven. with lengths down to and 
outer dial just one division. That’s a 20-to-1 ratio, made possible by the shorter than the diameter (“square” 
patented Microflex threaded axle and pinion (see sketch). Examples screws). 
of resultant accuracies are + 1/60 of a second on a 20-second dial, and The feeder unit is adapted to a 
+ 1/10 of a second on a 120-second dial. 7200" modified Detroit power screwdriver, 
and uses a mechanical rotating-type 


1 


The Microflex Reset Timer is driven by hopper powered by a ‘42 hp motor 


a heavy-duty industrial synchronous 
motor. Contacts are tripped closed or 
open after a preset time interval. Start- aA 

ing and resetting are electrically con- SKM 
trolled. Microflex offers over 150 timer operating combinations, plus 
a wide range of long or short time periods. It’s ideal for applications 
like molding presses, dielectric heating, automatic mixing, die casting 
machines, machine tools and rubber curing. 


which feeds screws at random into an 
a pS escapement or tube that enters a “se- 


A 


Write for free Bulletin 110. 


MAIL COUPON TODAY 


e 
o 
= 
e 
. 
e 
* 
. 
e 
e 
e 
e 
e 
se 
7. 
7” 
e 
e 
s 
° 
e 
e 
e 
e 
e 
* 


EAGLE SIGNAL CORPORATION 
Industrial Timers Division, Dept. EM-1257 
MOLINE, ILLINOIS 


Please send Bulletin 110 containing com- 
plete data on Microftex Reset Timers, 





NAME AND TITLE 


COMPANY 


ADDRESS 


CITY — STATE 
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LEADING MANUFACTURERS USE VULCOID. For a punched timer- mass-produced, 110-voit light-socket part—for these and many more 


switch part that operates in oil; for arc chutes in circuit breakers; for the Underwriters-approved parts, CDF Vulcoid is an effective, economical 
insulation and structural part of an auto-headlight dimmer switch; for a insulation material—good where neither plain fibre nor plain phenolic 
formed electrical switch part carrying 110-volt 60-cycle current; for a laminate would suffice. 


Fibre gives it high arc-resistance... 
Aniline resin gives it moisture-resistance 


CDF VULCOID 


resin-impregnated vulcanized fibre 


Vulcoid® is different. To the electrical properties of vulcan- illustration above) at low cost. CDF fabrication facilities 
ized fibre we’ve added the low moisture-absorption of an can give you production quantities of Vulcoid parts to your 
aniline-type resin with an unusual affinity for cellulose specifications. 

fibers—all at low cost. Excellent moisture-resistance (two 
to four times that of plain vulcanized fibre) helps stabilize 
Vulcoid’s excellent electrical insulating characteristics. Its 
low cost makes Vulcoid a fine production material for 
applications of moderate electrical requirements. 


Learn all the advantages of designing around low-cost CDF 
Vulcoid parts such as arc-deflector spacers, transformer 
and motor lead bushings, circuit-breaker and transformer 
barriers, knife-switch guides, transformer coil separators, 
instrument and contact panels, baseboard receptacles, etc. 
Underwriters’ approval. Vulcoid is approved by Underwriters’ Ask your CDF man or write for new technical bulletin. 
Laboratories as a material for the insulation of current- 


carrying parts in electrical equipment. It carries the distinc- 


tive red and blue thread marking of such materials. CONTINENTAL- DIAMOND FIBRE 


Easy to work. Like vulcanized fibre, Vulcoid is readily drawn a Dp Lt 
or formed into permanent shapes, punched, machined (see NY A SUBSIDIARY OF THE “#>¢707¢7~ COMPANY + NEWARK 13, DEL. 


Commercial Paper 
Percent Vulcanized Base (XX) 
Normal Fibre Phenolic 
Deviation 1/16” 1/16 


Arc Resistance, seconds =25 140 


Specific Gravity +10 £25 
Moisture Absorption, +25 
24 hours 

Tensile Strength, | —MD 
thousands of psi cD 

Flexural Strength —MD 
thousands of psi cD 

Shearing Strength, | —MD 
thousands of psi CD 

Compressive Strength, flatwise 
thousands of psi. 

Izod Impact Strength MD 
( Edgewise ) . 
Ft. ibs. per inch of notch 

Dielectric Strength, VPM 
Perpendicular to surface 


NOTE: ASTM test methods used for Specific Gravity, Moisture Absorption, Arc Resistance, Tensile, Flexural, Compressive, and Dielectric Strength 
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SNAPPER 
ew eke 


—for commercial ap- 
plications, single 
pole double throw 
bial] Meola il-lans 


i 
7 
= 


a 
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MAGNETIC 
AMPLIFIERS 


—custom-designed to 
ie ll t aee e 
ments for control 
systems. 


Tas 
"MEMORY" 
RELAYS 


—thermally operated 
bi-stable time delay 
reloys with two sep- 
orate heoter circuits. 


Tee | 
PAE tT 


FOR 
POSITIVE 
CONTROLLED ACTION 


3 


Specify the Curtiss-Wright ‘‘SNAPPER”’ 
Thermal Time Delay Relay 


Dependable “SNAPPER” Thermal Relays by Curtiss- 
Wright provide unfailing snap action in countless electrical 
circuit applications involving time delay. In every control 
phase, “Snapper” Relays eliminate chatter, have single-pole 
double throw contact and a wide temperature range (—65°C 
+ 100°C). Preset time delays from 3 seconds to 3 minutes 
are now available in metal envelope and from 5 to 60 seconds 
in glass envelope. Write for our new detailed data sheet 
with complete application information. 


ELECTRONICS DIVISION ) 


Component 
= A TC 
Department 
CORPORATION - CARLSTADT, N. J 


Circle 238 on page 17 


Sy ROTOSIL ¢ OPTOSIL * HOMOSIL © ULTRASIL 


CENTER FOR HIGH-PURITY FUSED QUARTZ 


nT 


Amersil processes for producing fused 
quartz and silica of the highest possible 
purity, in fabricated laboratory and pro- 
duction equipment—make Amersil the 
primary supply source for all industrial 
applications where such critical purity is 
a factor. 

A fine service plan is keyed to your 
requirements. Here, complete ranges of 
standard apparatus, crucibles, trays, cyl- 
indrical containers and tubing (up to 25 
diam.) are available for prompt delivery. 
Amersil engineers are available to assist 
in developing special equipment to in- 
dividual requirements. & 


Catalog and technical data available upon request. 


AMERSIL 


COMPANY, INC. 


FUSED SILICA 
AND QUARTZ 


685 RAMSEY AVE., HILLSIDE 5, NEW JERSEY 


[EANCELNARDO (NOUS TRIES 
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lector unit.” This selector unit is the 
heart of the orientation system of the 
machine. After the selector receives 
the screw, it indexes about 30 degrees 
to a point directly above a feed tube 
which goes directly to the driver bit. 
\ metal probe “feels” for the end of 
the screw, to determine which end is 
up. If the probe strikes solid metal, 
indicating the point end, the selector 
rotates 180 degrees, and the screw is 
dropped into the feed tube. If, how- 
ever, the probe detects the hollow 
socket the screw is dropped directly 
without further positioning. The selec- 
tor then returns to its original position 
to receive the next screw. 

With typical screws in sizes such as 
#10 x 14 or 14 in. x a in. th aver- 
age rate for feeding and inserting che 
screws flush in a tapped hole is 1800 
per hour. 

Typical applications are in assembly 
and sub-assembly operations where a 
ring or knob is fastened to a shaft, 
such as in radio manufacture, or in 
pulleys. sheaves, gears, and locking 
rings. Socket Screw Div., The Bristol 
Co., Plates Bridge & Naugatuck Rd., 
Waterbury. Conn. 
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TRANSISTORIZED 30 AMP 
CONSTANT CURRENT 
CONVERTER 


Model CG 12 current governor is a 
2-terminal current stabilizer, modulator 
and electronic load. Transistorized, the 
CG 12 features front panel control for 
selection of current levels in 50 ma 
steps from 1% to 30 amps. The stabil- 
ized current may be modulated 0-100 
per cent by external signals including 
sine wave. complex wavetorms and 
direct current. 


The CG 12 may be applied to diode 
testing. transistor testing, magnetic 
core investigaton, fuse testing, battery 
testing and wherever a modulated sta- 
bilized current is required. 

Accuracy of current indication is 2 
per cent of any setting. Modulation is 
0-100 per cent by external signal, sub- 
ject to minimum and maximum voltage 
restrictions across current governor 
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INFINITE WATTAGE 
PROCTOR 


CONTROLS 


NOW AVAILABLE FOR 
INDUSTRIAL USES 


The same dependable infinite controls used so 
successfully in millions of electric ranges are now 
available for hundreds of uses in industry. 


Proctor bimetallic controls offer... accurate, yet 
inexpensive, control of average wattage input... 
new circuit simplicity...ease of calibration and full 
control between 6 and 100% of rating... voltage 
compensation at all settings except "FULL"... double 
line break at the OFF” position. 
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SPECIAL HEATER FOR MAIN BIMETAL 


Model 510— 
INFINITE INPUT CONTROL 


The basic unit in the PROCTOR family of controls. 
Its purpose is to provide infinite, stepless control of 
wattage input at any preselected setting from 6 to 
100% of rating. 


eel 


Other PROCTOR Infinite Controls are: 


Model 500—FLASHER—INFINITE INPUT CONTROL 


Provides an initial period of full energization for 
extremely rapid preheating, along with infinite input 
control. For use where waiting time must be kept to 
a minimum. 


Model 400—PROPORTIONING INFINITE TEMPERATURE CONTROL 


Accurately maintains any preselected temperature 
between 120° and 450°F. A sensing device in contact 
with the heating surface acts with the remote selector- 
control to proportion wattage input for any heat- 
ing load. 


These PROCTOR controls are small, easily in- 
stalled and have a minimum of operating parts and 
electrical connections. There are no motor driven cams 
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or sliding contacts. Life tests up to % million cycles 
show negligible contact wear. There are models for 
loads up to 3000 watts at 236 volts A.C., and to 
1500 watts at 118 volts A.C. Flasher units operate at 
6400 watts at 236 volts A.C. 


Ask for bulletin No. G-57A, giving com- 
plete details on the PROCTOR Infinite 
Input Controls. Write or phone for your 
conv today. 


a 


Pa el ae hata 
PROCTOR ELECTRIC COMPANY 
RICCO ae eM 
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Wherever 105°C grade vinyl insulation sleeving is called for, 
Resinite Super-Heat 125 not only fills the need but far 
exceeds specifications. This outstanding material has an 
effective operating range from — 42°C to 125°C. Even 

after prolonged immersion in oil, varnish or asphaltic pitch 
at high temperatures, it is highly resistant to abrasion 

and cut-through and retains its high dielectric strength. 

Yet, most sizes are priced the same as 

ordinary 105°C grade. 

Sizes .018” 1.D. through 2” 1.D. Black only. 


Approved for use in U.L. Listed devices. 


RESINITE HI-HEAT 105 
For applications where ordinary 105°C grade is adequate, or 
where a wide range of colors is required, specify Resinite Hi- 
Heat 105. 11 colors. All standard sizes. Approved for use in 
U.L. Listed devices. 
Write us your requirements and we'll submit samples and per- 
formance data on appropriate sleevings, tapes or lacing cords. 


om a 
esinit 
Resinite Department THE BORDEN COMPANY Chemical Divisio: 


Box 1589, Santa Barbara, California 


STS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACEUTICAL FIELDS 
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terminals. Rise time of current wave- 
form through the resistive load in 
response to unit step modulation 
signal is 20 psec of less. The CG-12 
may be set at 0.5 amp to 30 amp d-c, 
and can be switched in steps of 50 ma. 
Power is 105 to 125 volts rms, 60 cps. 
North Hills Electric Co.. Ine oj 102 
Sagamore Ave., Mineola, N. Y. 
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ALTITUDE TEMPERATURE 
TEST CHAMBER FEATURES 
LIFT-OUT ALTITUDE 
CHAMBER 


Featuring a lift-out altitude chamber 
to provide separate altitude and tem- 
perature testing units, the AT-108 
series offers in effect, the following 
three testing units in one: (1) a com- 
bination chamber for simulation of 
altitudes to 200,000 feet with temper- 
atures from 100 F to + 400 F; (2) 
an altitude chamber which lifts out to 
operate separately at ambient temper- 


atures with altitude simulation up to 
200,000 ft; (3) a hi-lo temperature 
chamber with a range from —100 F to 

100 F which operates independently 
after removal of the altitude simulation 
unit. 

The separated altitude and tempera- 
ture units can be operated simultane- 
ously. Matched combination units are 
available in sizes from 12 cu ft to 36 
cu ft for temperature chambers; and 
8 cu ft to 27 cu ft for the removable 
altitude chambers. The standard alti- 
tude vacuum system includes motor, 
pump, manifold and control valves. 
Standard temperature unit employs a 
thermostatically controlled system of 
temperature variance using dry ice for 
a coolant and an electric heating ele- 
ment for obtaining high temperature. 
A double impeller-fan air circulation 
system insures proper heat exchange 
and close temperature control. 

Available accessories include: obser 
vation windows, pressure and _ electri- 
cal connectors, recordng controllers 
for temperature and altitude, control- 
led climb and dive simulation system, 
specimen shelves, and dry ice baskets. 

Cabinets are of all-steel construction 
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ALLENPOINT will give 
you a bulldog grip at 
no premium in price! 


Allen’s scientific redesign of the cup diameter on set 
screws gives greatly increased resistance to with- 
drawal torque. You can count on Allenpoint Set 
Screws to stay tighter longer, under heavy strain and 


vibrations. This dependable premium performance 
of Allenpoints is yours to use without increasing the 
cost of manufacturing your products. 


Uniform Class 3A Thread 


Allenpoints’ smooth, uniform threads prevent off-lead 
conditions like Fig. 1. With Allenpoints, you have full, 
even contact between the 
engaging flanks of the 

threaded members ( Fig. 2) 

—and a tight friction lock 

over the entire length of 


the Allenpoint Set Screw. Fig. 1 Fig. 2 


Strong, clean, deep sockets allow 

full wrenching leverage 
Sockets of Allenpoint Set Screws are 
cold forged to produce a deeper, 
smoother socket. No broach chips to 
interfere with proper seating of the 
key. This “pressur-forming” preserves 
the long steel fibers throughout the 
length of the screw—stronger walls 
allow maximum tightening torque. 


One more full thread on ALLENPOINTS! 
Allenpoint Set Screws have one 

more full thread than serrated 

point set screws. That means 

more holding power—especially 

important when you're using 

short lengths. 


ALLENPOINT’s performance compared for you 


Serrated 


point 


std. cur 


point 


These actual-size, unretouched photographs show the 
cup pattern made by Allenpoints, serrated points, and 
A.S.A. standard cup point set screws in a 3/4” steel 
shaft. At each degree of tightening force, Allenpoints 
make a full circle pattern, penetrating deeper for 
greater holding power. 


We'll be glad to send you more information and 
samples of Allenpoint Set Screws and other Allen 
Socket Screw products. 


Stocked and sold by leading industrial distributors everywhere 


ALLEN 
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We Like to Help C 


The finest light springs and wiretorms of every type and material 
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_.. it’s Our Business! 


is Quality control at Lewis Spring is the most important 
factor in our business—it is present through every department 
in our plant from receipt of raw materials to final shipping. 
It is reflected in our engineering and design and equipment 
maintenance. It is a basic reason why Lewis Spring has so 
many good customers—they apply quality control in making 
their products, too. As an example, Lewis Spring was recently 
presented an award by Argus Cameras Division of Sylvania 
Electric Products Inc., Ann Arbor, Mich., for “Excellent Co- 
operation in Controlling Quality.” 


compliment 


We highly appreciate the 


Lewis Spring would like to help your plant control quality 
and we 
It’s Our 


wouldn't have to 


get an award for it, because 


Business. 


LEWIS SPRING & MANUFACTURING COMPANY 
2646 W. North Avenue, Chicago 47, Illinois 
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Both the inne 
temperature 
altitude 


welded 


including steel frames. 
chamber of the 
and the 
are of 


cabinet 
chamber 
stainless steel, 


removable 
heliare 
prevent seepage. 
Equipment is available with test and 
power horizontally 
126 Mary- 


sealed to moisture 


cabinets arranged 
or vertically. Mantec, Ine., 
land St., El Segundo, Calif. 


Circle No. 552, Reader Inquiry Service Cards 


on page !7 


POWER TRANSISTOR TESTER 
Model 102 is designed for rapid eval- 
uation and testing of n-p-n and p-n-p 
power transistors at their normal 
operating power. 

It measures (1) 
for zero 


base-collector 


collector current 
(ian) at 


zero to 


emitter current 


voltages from 


75 volts: (2) large signal current 


gain at collector currents up to 2.0 
amp, collector voltages from zero to 
28 volts and base currents up to 50 ma; 
(3) small signal current gain in the 
grounded emitter connection at any 
chosen operating point: and (4) col- 
lector-base breakdown voltage. 

be made over a 
conditions, 
with minimum heating, and the con- 
trols are arranged for quick, simple 


setup. Three 5-way binding posts per- 


Measurements may 


wide range of operating 


mit connecting transistors of all types; 
adapters furnished for 
plug-in connection. Strand Engineering 
Co.. 1354 N. Main St.. Ann Arbor, 
Mich. 
Circle No 


and can be 


553, Reader Inquiry Service Cards 
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VIBRATION FATIGUE 
TESTING MACHINE 


Series of vibration fatigue testing ma- 
chines provide frequencies from 5 to 
100 cps. compared to the 10 to 60 
cycles of present models. Cycling can 
be controlled manually by turning a 
knob or it ran be done automatically 
through a range selector. This can be 
set to provide frequencies from 5 up 
to 100 cps and back to 5, repeatedly, 
or any segment of frequencies within 
that range, such as 5 to 11 cps or 70 
to 90. It can be held at 


any one fre- 
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No.1 solution to dielectric problems-— 


PRECISION STEATITE 
by GENERAL CERAMICS 


G-C steatite solves all of these problems...economically 


» Widely varying ambient temperature > Efficient compaction of physical size 

» Severe mechanical or thermal shock > Low electrical loss at high frequency 

>» Permanence of dimensional accuracy > High dielectric and mechanical strength 

> Intricate shapes to close tolerance > Extreme immunity to environmental conditions 


G-C electrical ceramics are news! Offering a far higher General Ceramics progressive manufacture . . . better 
degree of dimensional] accuracy than ever before possible, products at lower cost through advanced research and 
precision dielectrics provide a far greater design latitude improved methods of production. Why not ask for all the 
in all types of electronic and electrical equipment. These facts on precision electrical ceramics, now! Write General 
new high accuracy ceramics are another example of Ceramics Corporation, Keasbey, New Jersey, Dept. ME 


TI Tee 


Industrial Ceramics for Industrial Progress... Since 1906 


> 


A A 


? FERRAMIC MAGNETIC “ADVAC” HIGH 
FERRAMIC CORES MAGNETIC CORES MEMORY PLANES TEMPERATURE SEALS SOLDERSEAL TERMINALS 
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TOTALLY ENCLOSED AND 

EXPLOSION-PROOF MOTORS 
Polyphase with explosion- 
proof models available in 
Underwriters Class | and Class 
Il construction. Available in 
all frame sizes—182 and up. 


...- plus these and other types 
to comprise the nation’s 3rd full motor line 


ELECTRICAL 


MANUFACTURING 





Enclosed Motors 
1/3 to 500 hp 


Dressed to kill your motor 
application and maintenance problems 


From A. O. Smith — a complete line of totally enclosed motors 1/4 to 
500 hp — that cost a little more than open motors, but offer a ‘Ma 
bonus in trouble-free performance. Electrical design based on — 


@ Ample torque to assure dependable operation through overloads 
or voltage drop. 


@ Balanced insulation to afford maximum protection against phase- 
to-phase or phase-to-ground breakdowns during high amp surges. 


@ Dependable heat dissipation to avoid burnouts even when the 
motor is covered by dirt and grease. 


What’s more, these motors are built with precision-machined rolled 
steel or heavy cast iron frames that completely enclose all electrical 
parts and bearings. . . resist mechanical shock and abuse . . . fight off 
corrosion, toxic vapors and dust .. . are easy to clean . . . and provide 
for permanent alignment of moving parts and lengthened bearing life. 

They’re readily available from stock . . . will be supplied along with 
all the engineering and application assistance you want or need. And 
you get 24-hour response on parts or service from any of the 300-plus 
authorized A. O. Smith motor service stations. 


Get the complete story from your A. O. Smith Motor Man or write 
direct for his name. 


Through research < ...@ better way 


AO.Smith 


Crom £\O R A 


ELECTRIC MOTORS 
Tipp City, Ohio 


A. 0. Smith International S. A., Milwaukee 1, Wisconsin, U.S.A. 


FRACTIONALS — 3 — 1 hp — Rigid or resilient 
base, capacitor start or polyphase induction motors 
Choose from horizontal or vertical, single-phase or 
polyphase models. Single-phase 115-230 volts — 
polyphase 208-220 /440-550 volts. Over 1,000 stand 


CLOSE-COUPLED PUMP MOTORS — 1-75 hp — Drip 
proof, totally enclosed and explosion-proof motors 
specifically designed for all types of centrifugal 
pumps. New and old NEMA frames available... 


easily made to operate on non-standard power sources. 2/¢ Models to choose from. 
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SINGLE-PHASE 
INTEGRALS—1-5 hp 

— with rolled steel 
frame. Drip-proof at 

all angles with frame 
mountings to meet 

both old and new NEMA 
standards. Exclusive 
sealed starting switch, full 
rotating conduit box and 
ample room for lead 
connections. 


“ —_ POLYPHASE, DRIP-PROOF 
INTEGRALS: — 1-800 hp 
i J NE MA 


VERTICAL HOLLOW SHAFT MOTORS — 1-700 hp - 
Sturd y built, totally en ed, weather-p and 
explosion-proof motors 2ature heavy cas ron 
construction, extra-hig t suitable for 
momentary up-thrust conditions, sealed bearing 
chamber, easy access for inspection or service 
Available with interchangeable P and PH bases 
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CHEMELEC... 


THE QUALITY LINE 
OF 
TEFLON INSULATED 
COMPONENTS 


> STAND-OFF AND FEED-THRU 
INSULATORS 


Metal base and compression 
mounting miniatures. Hermetic 
solder-seal and gasket types. 
Metal body type. 


> SEPARATORS 
Stud and screw mounting types. 
> CONNECTORS 


Multiple-pin, molded Teflon* 
base type. Multiple-pin, alumi- 
num base type. Individual con- 
nectors and test points, com- 
pression mounting type. 


> MINIATURE TUBE SOCKETS 


7 and 9 Pin shielded base, and 
saddle types. 


p> CRYSTAL SOCKETS 
> TRIMMERS 


p> TEFLON SPAGHETTI TUBING 
Thin, standard and heavy wall 
grades, and tubing treated for 
potting. 


> COPPER CLAD TEFLON 


for printed circuits and cable 
strips. 


Write for Catalog No. EC-757 


Fluorocarbon Products, Inc. 
Division of 
United States Gasket Company, 
Camden 1, N. J. 


See, 


*du Pont Trademark 


Sold in U.S.A. by Erie Resistor Corp. parts distributors. 


COAL 
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quency between 5 to 100 eps. Smooth 
flow of power at any frequency is 
furnished by a motor with integral 
variable speed drive. 

Model 10 HA-T (shown) has 10 Ib 
table load capacity and Model 1 25 
HA-T has 25 lb table load capacity. 
Both produce vibration horizontally in 
simple, harmonic motion. Model 10 
VA-T takes 10 lb work load and pro- 
duces vibration in vertical plane. All 
have 50 per cent overload capacity, ad- 
justable displacement, travel or stroke. 
Work tables are drilled and tapped in 
symmetrical pattern to provide for bolt- 
ing down parts or components to under- 
go test or research. All American Tool 
& Mfg. Co., 8053 Lawndale Ave. Skopie, 
1. 
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HEAVY-DUTY TRANSFORMER 
AND BOBBIN WINDER 


Model 149-AM winds power, audio 
and similar types of heavy-duty trans- 
former coils as well as all types of 
heavy duty field coils and bobbins in 
tight, uniform layers using wire sizes 
from 4 to 23. Maximum coil OD is 
16 in., maximum coil length 10 in., 
maximum loading distance for multiple 
winding 30 in.. winding range from 4 
to 40 turns per in. and winding speeds 
30 to 140 rpm. 





Line fluctuations do not affect wind- 
ing speed. Push button instantly re- 
verses wire guide carriage during any 
part of winding cycle. Lights con- 
stantly indicate carriage direction. If 
wire breakage or crossover occurs, 
machine can be stopped instantly by 
operator removing foot pressure from 
speed control pedal. New dual purpose 
wire guides act as wire straighteners 
or heavy wire and apply additional 
tension if needed. 

An optional feature stops transformer 


ELECTRICAL MANUFACTURING 





Solderless splice solves problem of open coil windings 


STANDARDS THAT DETERMINE RELAY QUALITY / 


trouble-free coil windings 


Solderless splice 
ends failures two ways 


The two chief causes of relay coil 
windings going open in service are: 
(1) electrolysis, and (2) breaking 
at the terminal. Automatic Elec- 
tric prevents these difficulties with 
a winding termination technique 
that is vitally different. 

We do not attach coil endings of 
fine wire directly to the terminals. 
Instead, we carefully strip the insu- 
lating enamel from several inches 
of the coil endings and tightly 


AUTOMATIC 


twist this length of wire with 
strands of bare tinned copper wire. 
This strong solderless splice is then 
insulated with a special film sheet. 

Because we make terminal con- 
nections over a long section of 
stranded wire, electrolysis has no 
single point to attack. And this 
flexible connection will never snap 
under temperature extremes or 
other stress-producing factors. 

In every step of relay design 
and manufacture, we take extra 
pains to prevent trouble before it 


= eal 


A member of the General Telephone System 
One of America’s great communications systems 
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Class ‘‘E’’ Relay reduces the best of the 
Class B features to a minimum of space 
and weight. Write for Relay Highlight 
#14. Automatic Electric Sales Corpora- 
tion, Northlake, Illinois. In Canada? 
Automatic Electric Sales (Canada) Ltd.» 
Toronto, Offices in principal cities. 
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prime source 
for molded parts 


For three good reasons, Kurz-Kasch is 
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a prime source for molded thermoset- 
ting plastic parts. First: money-saving 
experience. The parts shown illustrate 
our breadth of experience and capacity 
for handling difficult jobs. Second: 
money-saving tooling. We design tools 
and dies for best long-run production 
economy. Third: money-saving deliv- 
eries. You get believable promise dates 
and your parts arrive on schedule. Call 
your nearest representative for a quote 
on your next job. 


1. impeller housing. 2. rocker ring. 3. stereo viewer 
4. fuse nose. §&. appliance handle. 6. and 7. knobs 
8. and 9. terminal boards 10., 11., and 12. 
miniaturized parts 13. organ key 14. terminal 
board 15S. spinning reel handle 16. valve liner 
17. fuse nose. 18. organ key 19. blower wheel. 


Specialists in thermo-setting plastics for 41 years 


kurz-kasch 


Kurz-Kasch, Inc., 1415 S. Broadway, Dayton 1, Ohio 


New York, Mt. Vernon, Mo 4-4866; Rochester, Hillside 0626; Beverly, Mass.; Walker 2-0065; Atlanta, Cedar 7-5516; 
Chicago, Gladstone 6-8837; Detroit, Jordan 6-0743; Philadelphia, Hilltop 6-6472; Dallas, Lakeside 6-5233; 


774 


Pasadena, Ryan 1-6774; Minneapolis, Walnut 6-2749; St. Louis, Parkview 5-9577; Toronto, Oliver 7986 


250 Circle 248 on page 17 


ELECTRICAL MANUFACTURING 


winding at end of each layer to permit 
paper insertion; this may be switched 
out instantly for bobbin winding. One 
and a quarter inch diameter spindle 
withstands all impacts necessary to 
form insulation around heavy trans- 
former windings. Furnished with ma- 
chine are heavy duty positive locking 
tailstock, magnetic brake, automatic 
counter, a complete set of gears and 
1 hp motor. Geo. Stevens Mfg. Co.. 
Inc., Pulaski Rd. at Peterson. Chicago 
30, Ill. 
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DUAL CHANNEL ANALYZER 
COUNTS AT 200,000 
PER SECOND RATE 


Dual channel pulse height analyzer 
Model 405 provides 200,000 counts per 
second in the range of 3 to 140 volts. 
The instrument makes possible studies 
of the amplitude distribution of voltage 
pulses within its specified range. Pro- 
viding for both integral and differential 





spectrum analysis, it also enables 
studies of energy distribution of nu- 
clear particles when used with a linear 
amplifier or scaler. 

Model 405 contains two completely 
isolated single channel pulse height 
discriminators operated from a regu- 
lated power supply. (This supply is 
capable of powering an additional two 
channels which can be added at a 
later date.) Pulse height zero drift 
is only 0.05 volts per week with regu- 
lated voltage. Slit width (window) is 
0 to 10 volts. Dead time is 1.0 psec. 
Franklin Electronics, Inc., Bridgeport, 
ra 
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D-C MILLIVOLTMETER 


Model 216A is a sensitive, direct read- 
ing, d-c millivoltmeter and d-c am- 
plifier. It features a zero center indica- 
tion with -+- 1 my d-c full scale, and 
a zero point so stable that no zeroing 
control is provided. Maximum am- 
plifier gain is 1000, input impedance 
2 megohms, and full scale sensitivities 
range from 1 my to 10 volts d-c in 9 
| overlapping ranges. 

The 216A is designed for rack- 
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mxrore DISC- PAC” 


A COMPACT UNIT FOR BUILDING YOUR OWN CLUTCH 
Due to a growing demand for Maxitorq Floating Discs, the MAXITORQ DISC- 


PAC has been made available as a self-contained unit independent of the actuator. 


Patented Maxitorq Separator Springs that prevent drag, abrasion, and consequent 
heating in neutral . . . and the Maxitorq Locking Plate which locks all discs onto 
body ... give you the outstanding features that are so highly favored by machine 


and product designers. 


Thus you may build your own clutch or brake from our standard stock Maxitorq 
parts. The Disc-Pac keys to your shaft and is easily replaced. Units are available 
in 8-disc diameters from 2” to 8”; 14 to 15 h.p. at 100 r.p.m. .. . with 3 lugs on the 


smallest size, 8 lugs on the 3 h.p., and 12 lugs on the 5, 10 and 15 h.p. capacities. 


The Disc-Pac fits Maxitorq standard Driving Rings in the event that you want to 
use them. As with the Maxitorq Clutch, all assembly; take-apart and adjustments 


are manual... no tools required. For further information, write Dept. EM-12. 


THE CARLYLE JOHNSON MACHINE COMPANY 


Manchester, Connecticut 
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WATERPROOF 
MOLDED COILS 


Molded from the new epoxy 

resins, the coils are imper- 

vious to water, oils, dust, 

acids, alkali solutions and / 

water base hydraulic fluids. mounting, is ruggedized for military 
use, and is built to MIL-T-945A. Panel 


The windings are completely dimensions are 19 x 8 in. 


encased in the thermoset- 
ting resin by incorporating 
the unique design of a core ampere characteristic of germanium, 
tube fabricated from the silicon, selenium and copper oxide 
same resin as is used in the 


; rectifiers, Hall effect measurements, 
encapsulating process. transistor circuit voltages and cur- 


Coil windings are currently rents; low level pre-amplifier: drift- 
being molded in green, free d-c amplification for pen-type re- 
black, red, and blue colors, corders, d-c cathode ray oscillographs, 
sali Teme ealeun ann -ene- string oscillographs, alarm relays; d-c 
ognized by Underwriters’ servos: accurate error voltage measure- 
Laboratories as insulating ments in servos and computers with 
materials for general pur- d-c data; transducers: measurement 
pose application 105°. C. and calibration of photos ells, thermo- 
Class A requirements. couples, thermistors. strain gages. pres- 


\pplications include: semiconductor 


studies: forward and_ reverse volt- 


sure cells, accelerometers, radiation 
letectors: null measurements: balanc- 

Write Dept. E For Complete : , eer 
P ca — ing Wheatstone bridges. voltage com- 
parisons with standards. meter calibra- 
tion. Industrial Control Co., 805 Albin 
DELUXE COILS, iin Ave., Lindenhurst. Long Island, N. Y. 
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TESTER SAMPLES 1000 
“leat for Electrical —_—vorracts ar once 
Rapid automatic testing device capable 
of measuring either 1000 resistances 
LEAKAGE ¢- SHORTS ° iin est sass 
for use in evaluating various electronic 
components during reliability studies, 
and also for reliability testing of com- 


ith é / pleted electronic assemblies. The sys- 
wi tem has as its heart an a-c. d-c digital 


ee @ & a voltmeter and a digital ohmmeter which 
measure voltages and resistances to an 
accuracy approaching 0.01 per cent 


without the possibility of human read- 
JUNIORS 


ing error. 


4 i G & P 0 T ft he T I A L ; —-_ Designated Model 24049, the multi- 
TESTING Write for 
INSTRUMENTS Bulletin 4a 


@ ONLY ONE instrument necessary to make @ VISUAL INDICATIONS from neon lights 
high potential tests for leakage, break- give positive test results. Audible test indi- 
down or shorts! cation for leakage also available. 
PORTABLE, with d steel ani 

° ta @ RANGES 0-1500 to 0-10,000 V.A.C. output. 

: Other “Hypots” to 100,000 V.A.C. output 

@ SAFE to use, with rugged test leads, current at 10 KVA 

limiting transformer, grounded case! : 


@ SIMPLE — only three easy steps to make a @ WRITE for complete data on “HYPOTS” 
complete test! for your jobs. 


ASSOCIATED eee F 


BPPan KT. CCOOCD OCC “tb é 


3794 WEST BELMONT AVENUE «+ CHICAGO 18, ILLINOIS. 
Export Dept., 308 West Washington Bivd., Chicago 6, Illinois. 
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For a Contact— — 


or a Complete Sub-Assembly... 
See Mallory 


Mallory offers you the savings and conve- 
nience of a single source for a simple contact 
—or a complete contact sub-assembly. 


As Mallory has done for many manufac- 
turers, we can consult with your engineers 
on a contact problem—solve the problem— 
design the contact element for easy inclusion 
in an assembly—and, if you want, build the 
entire sub-assembly for you. 


Into this service goes all of Mallory’s long 
experience in the contact field. Mallory 
metallurgy has equipped them with the best 
of materials and know-how, for the contact 
itself—for the backing metal—for design of 
the housing and for assembly techniques. 


The pictured assembly was designed in co- 
operation with a leading electrical equipment 
manufacturer—Leece-Neville Co., Cleveland, 
Ohio. The contacts, conductors, terminal 
points and the molded plastic case are all 
cooperative products of Mallory and the 
customer’s engineering and manufacturing 
abilities. The contact material, Mallory D-54 
permitted the customer’s product to pass 
Navy tests—and at the same time reduced 
costs by 15%. 


So if yours is a contact problem—or a com- 
plete contact sub-assembly problem—bring 
it to Mallory. A single source can expedite 
your supply and minimize your scheduling 
problems. Write, or contact the Mallory 
representative—today, for literature or a 
consultation. 


Expect more...get more from 


Serving Industry with These Products: P.R. MALLORY @ CO. inc. 
Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts ¢ Special Metals * Welding Materials 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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THE MARK OF QUALITY 


Ea 
a 


for your eT} 
pete an teas 


critical 


applications nT te you need a 


good motor at an economical price 


Leading manufacturers of top-quality prod- 
ucts have found through years of experience 
that they can depend on Barber-Colman 
unidirectional motors to give long service 
with little attention. For example, several 
hundred thousand of the model shown above 
are in use in domestic refrigerators. After 
vears of continuous operation without re- 
lubrication they are still performing per- 
fectly. Other similar motors power office 
and vending machines, desk and heater 
fans, hair dryers, slide projectors, cocling 
fans, and blowers for electrical equipment. 
Many Barber-Colman motors are still in 
operation after 20 years of service. For 
dependable operation of your products, 
specify a Barber-Colman motor. 


NEW CATALOG 


of unidirectional motors 


gives you !2 pages of helpful data 
for selecting the exact motor 
needed for your application. In- 
cludes detailed illustrations, com- 
plete specifications, performance 
characteristics. Write for your 


copy. MODEL VYAA 


BARBER-COLMAN COMPANY 


Model DYAB 
with extra-large 
capacity oil cups 


"PLUS" FEATURES OF 
HIGH-QUALITY BARBER- 
COLMAN UNIDIREC- 
TIONAL MOTORS 


Exceptionally high starting 
torque for quick, positive 
starting under adverse con- 
ditions 


Generous oil reservoirs 


Polished and ground stain- 
less steel shafts which con- 
tribute to long bearing life 
under adverse conditions 


Various models — .00065 to 
02 hp (full load) 


MODEL KYAF 


Dept. X, 1203 Rock Street, Rockford, Illinois 
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scanner not only records a succession 
of one thousand precision voltage read- 
ings and resistance readings, but if 
also programs, codes, and stores the 
test information in digital form for 
later insertion into an electronic com- 
puter. The coded digital information 
is stored by punching holes in a thin 
paper tape which simultaneously types 
the information, and also furnishes the 
information to a giant digital computer. 

The system is self-contained in a 
single metal cabinet and consists of 
an a-c, d-c digital voltmeter, a digital 
ohmmeter, a preamplifier, a serial con- 
verter, a scanner programmer, an input 
scanning system. and a_Flexowriter 
printer. Non-Linear Systems, Inc., Del 
Mar, Calif. 
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DIRECT-RECORDING OSCILLO- 
GRAPH HAS 36 CHANNELS, 
PUSH-BUTTON CONTROL 


Model—1012 Visicorder produces rec- 
ords that are immediately visible and 
usable, recording directly on paper 
that requires no processng of any 
kind. In additon to its 36 channels, 
the Visicorder incorporates a number 
of new features. For example. grid 
lines may be recorded simultaneously 
with time lines and  galvanometet 
traces. All speeds are changed by 
push-button control. The instrument 


Shag 


Sse. e 


features five speeds in each of three 
ranges—from 0.1 to 160 ips. All con- 
trols are located on the face of the 
instrument for instant use, whether 
rack or bench-mounted. 

The instrument has a frequency re- 
sponse of 3000 eps. achieved without 
any peaked amplifiers. Writing speed 
is up to 20,000 ips, using 12-in. Visi- 
corder paper. The galvanometers de- 
flect 8 in. peak to peak. Traces may 
overlap—they are not limited by adja- 
cent channels. The instrument accom- 
modates 200 feet of record paper, 
which can be loaded in daylight. An 
indicator shows the amount of unused 
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announcing a new Hughes series — 
high efficiency, medium power 
silicon rectifiers 


For the first time, you can obtain high forward conduct- errr 


ance and a high breakdown voltage, together in one recti- | The HR10681,a typical 
fier. High forward conductance increases the efficiency of | rectifier in the series. 


6 a Min. k Vol 

the rectifier, thereby providing more power to the load at in. Breakdown Voltage 
: , , - : 5 Max. Average Rectified 

lower junction temperatures. And low junction tempera- Current @ 25°C 


< . . cad 5 Average Reverse Leakage Current 
tures ensure long life plus reliable rectifier operation. @ 2A and 420Vrms@ 25°C = 


The unique combination of high forward conductance Typical Full Load Average 
: ae! ce : Forward Voltage Drop 
and high breakdown voltage permits rectifier performance Typical Dynamic Forward * 
; . . ; R = 0.20hm 
never before achieved in the standard EIA Group 20 renee 
i. 7 : *Higher currents obtainable with heat sink. 
(7/16” hex.) stud mounted package. This package is welded 
and hermetically sealed with a glass-to-metal seal to pro- = 
vide complete protection from contamination and mois- Our sales i inch" she welcome the opportunity 
cs candieiinn tailia whens it comes sanett lik to discuss application of these new units to 
enetration. Inside, where it c S, 2ctio ce made : 
ow E — oe Sey Eee ae your circuitry. For address of sales office near- 
this is essential. est you, or for complete information, write: 
SEMICONDUCTOR DIVISION * HUGHES AIRCRAFT CO. 


International Airport Station, Los Angeles 45, California 


Creating a new world with ELECTRONICS 
HUGHES | HUGHES PRODUCTS 


—fis.—— | 


SEMICONDUCTORS © 1957. HUGHES AIRCRAFT COMPANY 
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New trends and developments 
in designing electrical products... 


General Electric permanent magnet. 


outperforms wire-wound field in 
D-C tachometer generator 


improved Ainico 6 magnet increases 
reliability and accuracy over wide 
ambient temperature range. 


Instruments can determine rota- 
tional speeds from 100 to 5000 rpm 
with an error of less than .05% — 
despite ambient temperatures of 
20° to 50° C. Problem is that these 
instruments are only as accurate 
as the tachometer generators that 
supply their power. 

Conventional generators use cop- 
per windings. This means they are 
dependent on external — and often 
varying — power sources. They are 
adversely affected by wide temper- 
ature changes. And, they are costly 
to repair when windings burn out. 

The 46-frame D-C generator, 
above, gets around these difficulties 
by using a G-E Alnico 6 permanent 
magnet. Here’s why: 

1. The G-E Alnico magnet does not 
depend on outside excitation. 
2. It supplies reliably constant 
power. 
Exposure to varying ambient 
temperatures does not affect the 
magnet’s power or dependability. 
External regulating equipment 
needed with wire-wound fields 
is eliminated by the use of 
Alnico magnets. 
Unlike copper windings, per- 
manent magnets never wear out 


These advantages, in themselves, 
were enough to make the magnet- 
powered generator a success. 

Ilowever, with conventionai Al- 
nico 6, plastic-steel was needed 
between the “as-cast” surfaces of 
the magnet and the machined parts 
of the generator to cut eddy current 
losses, and to shield the flux. This 
added to the time and cost of pro- 
ducing the generator; made it almost 
impossible to disassemble for 
normal servicing and maintenance. 

So G-E magnet engineers in- 
creased the coercive force of the 
Alnico 6 magnet by about 7%. The 
need for the plastic-steel “mud” 
was eliminated and so were 
the difficulties of assembly and 
disassembly. 

This generator is just one of the 
many applications where G-E mag- 
nets can outperform wire-wound 
fields for accuracy and reliability. 
And the work of G-E Magnet 
Engineers in improving Alnico 6 
is just one of the many services 
they offer to designers and manu- 
facturers of electrical products. 

For more information about G-E 
magnet engineering services, or for 
your copy of the new G-E Magnet 
Design Manual, write: Magnetic 
Materials Section of General Elec- 
tric Company, 7804 N. Neff St., 
Edmore, Michigan. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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paper. All paper transport and take-up 
functions are integral. 

Designed for 115 volt, 50, 60 or 400 
cycle operation, the instrument is 16°4 
in. wide, 1734 in. high with shock 
mounts, and 24 1% in. deep. It weighs 
160 |b. Heiland Div., Minneapolis- 
Honeywell Regulator Co.. 
Colo. 
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Denver, 


ALL-MAGNETIC 3 KVA 400 
CYCLE AC LINE VOLTAGE 
REGULATOR 


Designated MRC part number 75-113-0, 
this all-magnetic, tubeless. 3. kva a-c 
line voltage regulator is for use in 
115 volt, 400 cycle single-phase and 
3-phase military ground support and 
laboratory equipment. 

The unit maintains a constant 400 
cycle a-c line voltage regardless of line 


or load variations. Three of the single- 
phase units can be connected for 3- 
phase operation, delivering a total of 
over 5 kva. 

Regulation is held within 0.5 per 
cent, against line changes between 100 
to 130 volts, load changes from 2.5 to 
25 amp, and frequency changes be- 
tween 380 and 420 cps. Response time 
is less than 20 millisec. Output wave 
form distortion is 5 per cent max. 
With output voltage continuously ad- 
justable between 110 and 20 volts, 
the most desirable output of 115 volts 
lies in the center of the adjustment 
range. The unit is particularly useful 
for providing independently regulated 
100 cps power for laboratories which 
are fed from a common 400 cps supply. 

Designed for rack mounting, the 
regulator has a panel 19 in. wide and 
10% in. high. Weight is 70 lb. The 
unit is also available for commercial 
applications with a panel 8%4 in. high, 
under MRC part number 75-101-1. 
Magnetic Research Corp., 3160 W. El 
Segundo Blvd., Hawthorne, Calif. 
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only 
OODUer” 
gives you 


——« —— 


Hoover Honed Raceways ————— 


which are not only ground, but also 
fully honed with a unique process 
developed and used only by Hoover. 
The result: super smooth, superbly 
finished raceways of microscopic ac- 
curacy and perfection. 


Micro- Velvet Balls ——— 


made of the finest of selected high 
carbon chrome alloy steel, uniformly 
hardened throughout, then surface 
finished so perfectly that roundness 
and diameter are accurate within 
millionths of an inch! The gleaming 
surfaces are absolutely free of even 
the tiniest of defects. 


Perfectly Matched 


ball complements are fitted into per- 
fectly matched raceways... a final 
quality step that pays off in maxi- 
mum load capacity, hushed quiet- 
ness and extra long life for which 
Hoover Ball earings are so well 
known. Bearing types available: 
single row, single and double shield, 
combination felt seal and _ shield, 
double row, cartridge, single and 
double contact seal. 


— 
— 
a! 
_- 


Hoover Honed and Micro-Velvet are Hoover Trademarks 


WRITE FOR YOUR COPY 


; OF THE HOOVER 
Lact HANDI-BOOK OF ANTI- 
eaperergyonte FRICTION BEARINGS. 

spiciveNS Keep accurate, con- 
cise information at 
your fingertips to 


help you select. prop- 


er bearings and solve 
BALL AND BEARING COMPANY so Ee hioiinanaeiaaia. 
ANN ARBOR, MICHIGAN 
SALES OFFICE AND WAREHOUSE: 2020 SOUTH FIGUEROA, LOS ANGELES 7, CALIF. 





Literature 


for the 


Design Engineer 


{/l-new listings of manufacturer's literature just off the press 


including catalogs. manuals and other reference publications relat- 


ing to components and materials 


energized end product S. 


MINIATURE BALL BEARINGS 


four page catalog outlines the type and 


Pwenty- 


functions of miniature precision ball 
bearings. The catalog describes stand- 
ard radial miniature bearings which 
range in size from ‘0 in. to °x, In. out- 
side diameter. There is descriptive mat- 
ter and bore dimension charts on all 
the radial types. Three new bearing 
sizes are listed for the first time. Spe- 
cial features and = applications are 
described. A separate sec tion is devoted 
to explaining special bearings and cov- 
ers such points as load ratings. limiting 
speeds. and mounting procedure. Mini- 
ature Precision Bearings, Inc. 
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TAPE-WOUND CORE CALCULATOR 
A tape-wound core slide rule is offered 
which provides a rapid means of solv- 
ing the equations relating voltage to 
flux. current to magnetizing force. and 
wire to space factor. The calculator, 
and its accompanying instruction book, 
have been designed to enable engineers 
working with tape-wound cores to cal- 
culate rapidly a variety of problems. 
As examples. they permit quick design 
of cores to support a given frequency, 
voltage and current capacity, or the 
calculation of the number of turns re- 
quired to re-set the core to a specific 
magnetizing force. Magnetics, Inc. 
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SILICON TRANSISTORS—Bulletin TE 
1353 describes a new line of n-p-n sili- 
con transistors. Included are applica- 
tions notes, interchangeability charts, 
characteristic curves, mechanical data, 
specifications and typical characteris- 
tics at certain temperatures. Transitron 
Electronic Corp. 
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SOLID ELECTROLYTIC CAPACITORS 

Engineering bulletin 3520B describes 
solid-electrolyte Tantalex capacitors 
that include new ratings from .22 yf to 
1.7 wf at 35 volts d-c. These higher 
ratings are expected to find wide ap- 
plication on 28 volt electronic equip- 
aircraft and missiles, 


both of electron tube and _ transistor 


ment used in 


circuit design. These new designs are 
of the sintered-anode type and comple- 
ment the lower capacitance wire-anode 
types. Sprague Electric Co. 
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CORROSION-RESISTANT ALLOYS \ 
104-page edition of “Hastelloy Corro- 
sion-Resistant Alloys” gives up-to-date 
information on the four nickel-base 
alloys—Hastelloy alloys B. C. D and F. 
The booklet describes chemical com- 
positions, physical, mechanical, and 
high-temperature properties. Also in- 
cluded is a table of the comparative 
resistance of the alloys to over 250 


corrosives commonly handled in the 


chemical. paper and pulp, and metal- 
working Haynes Stellite 
Co., Div. of Union Carbide Corp. 
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FIBERGLAS REINFORCED LAMINATES 

Guide to the selection factors and the 
comparative properties of typical Fiber- 
glas reinforced laminates has been 
made available. Fiberglas reinforced 
laminates are available in sheet. tube 
and rod form and consist of glass fabric 
or mat which have been impregnated 
with such synthetic resins as polyester, 
phenolic. melamine, epoxy, silicone o1 
Teflon. Electrical Div.. Owens-Corning 
Fiberglas Corp. 
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A-N CONNECTORS Containing infor- 
mation on both standard and custom 
illustrated includes 
charts, tables, diagrams, blueprints and 
performance data. The aim of this 
brochure is to clarify the position of 
\-N type connectors in the electrical 
and electronic fields. Also, to state 
briefly but clearly, the applications for 


types. brochure 


these connectors and to provide design 
and production engineers with the nec- 
essary information to draw their own 
conclusions as to the value of these 
connectors in their particular projects. 
Hermetic Connector Corp. 
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FLEXIBLE CUSHION COUPLING 

Twelve-page bulletin describes Para- 
flex, a different flexible 
cushion coupling. Full page explains 
how the coupling. by means of rubber 
tire element, 


completely 


accommodates 
parallel misalignment 
and end float. singly or in any combina- 


angular 
misalignment. 


tion, besides cushioning shock 
and diminishing 


loads 
vibration. 
Full view and cutaway photographs are 


torsional 


included, along with drawings to illus- 
trate construction and installation fea- 
tures, including the taper-lock method 
of mounting on shafts. Dodge Manu- 
facturing Corp. 
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COLOR CODE AND CALIBRATION 
CHART FOR THERMOCOUPLES —Dura- 
ble chart contains color codes and 
calibration symbols for thermocouples 
and thermocouple extension wires plus 
pyrometer wire resistance figures. The 
chart, 845 x 11 in. in size and punched 
for three-ring binder use, is printed in 
two colors on heavy, card stock and 
plastic laminated for dirt and wear re- 
sistance. Charted on one side are all 
thermocouple and thermocouple exten- 
sion wire calibrations with correspond- 
ing ISA calibration symbols, manufac- 
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y, IOOVSz INSULATED WIRE COMPANY, INC. 
{ 198 MAIN STREET, TARRYTOWN, N. Y. 


PACIFIC DIV.: 1516 N. GARDNER ST., LOS ANGELES, CALIF. 





MAGNET WIRE ®@ COAXIAL CABLE @© HOOK-UP WIRE @ AIRFRAME WIRE 


PRECISION has it! 
...all in the model 660 


COMPREHENSIVE 
TRANSISTOR TESTING 


a complete cathode conductance tube checker 
and picture tube beam-current tester— 


for only $gqgoo 


THE PRECISION MODEL 660 is the only moderately priced instrument with truly 

comprehensive transistor and crystal diode testing features — designed on the bosis of 
engineering recommendations by leading transistor manufacturers. 

© Provides thoroughly reliable tests for |cs0, gain, shorts, leakage, etc. on all 

RF, audio, power and tetrode transistors of both the N-P-N and P-N-P- types 

© Tests crystal diodes in special circuit for both forward and reverse current 


THE PRECISION MODEL 660 represents the ultimate degree of value in a tube- 
checking instrument designed according to the time-proven emission-testing principles 
which have been recommended by tube manufacturers as well as RETMA 


® Tests all modern TV, FM and AM tube types, including series-string types 
tuning eyes, gas rectifiers, etc. 

* Free-point, 10-lever element selection for merit, leakage and short tests 

® Dual short-check sensitivity. Built-in pin straighteners. 


THE PRECISION MODEL 660 tests TV picture tubes in a specially engineered cir 
cuit for actual picture-producing beam current. (Requires PTA cable adapter *) 

THE PRECISION MODEL 660 gives you the highest degree of insurance against 
obsolescence PLUS the utmost simplicity and speed of operation 


® Filament voltages from 3/4 to 117 volts on 24-position selector switch 
© Extra-large, 51/4", rugged PACE meter, + 2% accuracy. 
* High-speed, 3-window roll chart with PRECISION “Tube Finder Feature” 


MODEL 660: etched, satin-brushed aluminum panel. Leatherette-covered, carrying case 


with tool compartmentand removable cover. Dimensions: 18x10/2x6'4".Net Price $99.50 
*ALSO AVAILABLE—Model PTA Picture Tube Adapter Cable Net Price $7 75 


PRECISION CATHODE CONDUCTANCE TUBE TESTER 


Same tube testing facilities as Model 660, but without 


rs 640 transistor, crystal diode or CR tube test facilities 
pea Net Price $79.50 


ie SEAL A) 
Test 1ouratey 


70-31 84th Street, Glendale 27, L. I., N. Y. 


PRECTSTON apparatus Company, inc. 


turer’s calibration symbols, and ISA 
color codes. On the reverse side are re- 
sistance tables for standard pyrometer 
wires in ohms per 100 feet at 68 F. 
Thermo Electric Co., Inc. 
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FACTORS AFFECTING ELECTRONIC 
DEVELOPMENT——"“The New World of 
Electronics” is a booklet designed to 
examine the various factors which affect 
electronic development. It describes the 
importance of research, engineering, 
facilities, quality control and reliability 
in electronic components and in any 
electronics product. Amphenol Elec- 
tronics Corp. 
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STAINLESS FASTENERS Fifty-two page 
stainless fastener stock list and data 
book is divided in two parts. The first 
part includes illustrations. thread and 
design specifications, and availability 
in a variety of corrosion-resistant met- 
als of 40 basic fastening devices. The 
second part consists of engineering data 
relating to the composition. properties, 
applications, and weights of stainless 
steels. Allmetal Screw Products Co., 
Inc. 
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SPRING WASHERS Revised bulletin is 
intended to make it easy for designers 
to specify standard-size spring washers, 
and thus get faster delivery while sav- 
ing tool charges. Bulletin lists the di- 
mensions of different sizes of washer 
dies that are already on hand. More 
than 1000 different sizes of washer dies 
which are available at the corporation’s 
division in Bristol, Conn.. are also 
listed. Associated Spring Corp. 
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DEFINITIONS OF SYNCHRO PARAM- 
ETERS—Small chart. defining the im- 
portant synchro parameters. will in- 
terest engineers engaged in the man 
ufacture or application of synchro 
components. The chart aids in the 
correlation of data sheets of various 
manufacturers, as well as emphasizing 
the dependent variables normally over- 
looked in defining these quantities 
Theta Instrument Corp. 
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ADJUSTABLE SPEED DRIVE SELECTOR 

GEN-169, a slide rule-type plastic 
device, is designed to assist in selecting 
the proper motor, control panel, and 
operator's station of a general-purpose 
Thymotrol adjustable speed drive. The 


Export: 458 Broadway, New York 13, N.Y., USA. @ Cables: MORHANEX 
ty Canada: Atlas Radio Corp. Ltd. @ 50 Wingoid Ave @ Toronto 10, Ont 


selector covers both fractional and inte- 
© meree oF pare Available and on display at leading electronic parts distributors 


gral drives up to 3 hp. By setting the 
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OIL-IMMERSED 
, SOLENOIDS 


SA 
laa taa A 
AFTER MILLIONS 

OF STROKES. 


/ a 
(Tere why. SEALED IN OIL. Each unit is sealed in its own, contamination 


proof, oil filled, die-cast housing. A convenient, plug-in base allows 
split-second replacement in case of change in power requirements. Heat 
dissipation and wear control reach a new level of efficiency in these units. 


SHOCK MOUNTED. Only DECCO can give you service-proved, 


two direction shock-mounting—a valuable bonus in the service-life of 
your solenoids. 


BETTER ENGINEERING. Minimum power loss. 30° to 50° 


cooler operation. Tremendously greater service-life. 


DECCO Solenvids are made in a complete range of types, sizes and 
mountings. AC or DC. SPECIAL SOLENOIDS will be engineered on request. 


OMPANY 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 
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if it’s a capacitor... 
C-D makes it... 


and makes it better! 


High Voltage Capacitors for every Specification, every Application 


Type TK CAPACITORS are engineered for energy storage, power sup- 
ply filtering, communications, industrial and military applications. 
AVAILABLE in ratings up to 50,000vDC ungrounded, 100,000vDC (with 
midpoint grounded), in capacities up to 120 mfd.—depending on vol- 
tage and in high joule ratings in small case sizes, for energy storage 
applications. 

Type TK DYKANOL “G” impregnated high-voltage capacitors are fur- 
nished in sturdy welded steel cases, with high-grade wet-process 
porcelain insulators engineered for long creepage path and excep- 
tional mechanical strength. Type TK is furnished in a variety of 
case shapes and sizes to meet every specification, every application. 
Dykanol “G” impregnant is non-inflammable, has high safety factor. 
A C-D field engineer will be glad to discuss with you practical appli- 
cations of the TK series as well as other C-D products. See him or 
write for catalog No. 200D-3 to Cornell-Dubilier Electric Corporation, 
South Plainfield, New Jersey. 


CORNELL-DUBILIER CAPACITORS 


& SUBSIDIARY, THE RADIART CORPORA- 
LIER ELECTRIC INTERNATIONA N. ¥ 
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slide at the desired horsepower, appro- 
priate ratings, frame sizes. dimensions. 
and model numbers can be rapidly de 
termined. Also included are lists of 
standard and optional features. per- 
formance characteristics and ordering 
instructions. General Electric Co 


Circle No. 634, Reader Inquiry Service Cards 
on page |7 


METAL FILM PRECISION RESISTORS 
Bulletin 155 describes the Riteohm 
series 77 metal film resistor. Outlined 
in detail are the characteristics com 
pared with MIL specifications. resist- 
ance range, dimensions. and other im 
portant data. Ohmite Manufacturing 
Co. 
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POWER TRANSMISSION DATA —Hand- 
book contains 186 pages of power trans 
mission data compiled and revised to 
meet today’s modern engineering stand- 
ards and tabulations, and calculated to 
plan the proper transmission for any 
drive. The catalog contains engineering 
charts. tables and formulas to help the 
designer select the right gears and 
speed reducers for the job. The Ohio 
Gear Co. 
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TRANSISTOR ANALYZER —— Four-page 
bulletin 387C describes the BCT-300 
transistor analyzer. Data includes a 
block diagram showing the variety and 
flexibility of test functions, as well as 
specifi ations and photograph showing 
functionally located operating controls. 
Norden-Ketay Corp. 
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VARIABLE AUTOTRANSFORMER 
General bulletin 101 describes the 
Satformer static variable autotrans- 
former. Designed for use in a regulated 
rectifier or a-c line voltage rectifier. 
this unit keeps output voltage constant 
over a wide range of input voltage. 
frequency and load with but a_ few 
watts of power. Included are advan- 
tages and applications. McHenry Con- 
trol Corp. 
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FIXED COMPOSITION RESISTORS 

Catalog data bulletin B-1C contains 
comprehensive data on construction. 
characteristics. solderability. termina- 
tion, heat dissipation, color coding, tol- 
erances. power and_ voltage rating. 
temperature rise. matched and balanced 
pairs on the redesigned Type BT fixed 
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OIL HOLE 
COVERS 


Style R—No. 304 
Shoulder Drive 


ft 


Style G— No. 505 
Beaded Drive 


Style GB — No. 527 
Ball Valve 


Style L — No. 1204 
Brass Elbow (Threaded) 


GEAR CASE GAUGES 


Screw mounted, to set flush. 
Glass port is backed with white 
enameled reflector, to make oil 
level (in gear case or transmis- 
sion) readily visible, even in 
dim light. Style CW — No. 4032. 


SIGHT 
GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 

through sight 

glass in stem. 

Shut-off knob does not affect 

needle valve adjustment. Visi- 

ble oil supply. Non-breakable. 

Tops in convenience and de- 

pendability, at low cost. Style 
NFU—No. 3602-A. 


SIGHT GAUGES 
For use where rate of 
oil flow must be reg- 
ulated to suit changing 
operating conditions. 
Needle 
valve 
permits 
extremely 
accurate 
adjustment 
of oil feed. 
Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 
at a moderate price. 
Style PF—No. 4290. 


LUBRIKIT... An assortment 

of 95 oil cups of 29 different 
types. Gits sales records 
show these oilers are most 
used for replacement and 
maintenance. Contents of 
each separate bin are 
clearly described on Inside "™s 
Cover. 


Special Introductory Price 
just $1425 F.0.8. Factory. 
Satisfaction or your money back = _ 


CASE 
GAUGES 


This oil gauge plug permits in- 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 


Don't price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 


G1ITs BROS. MFG. Co. 
The Standard For Industry For Almost Half A Century 


1840 South Kilbourn Avenue 
Chicago 23, Illinois 


Clip this page for handy “rough reference” 
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you can wind your filter coils 
WITHOUT CORE ADJUSTMENTS 


~ pre-adjusted 


filter cores 


@ guaranteed effective permeabilities within ~3%, —~2% 


or ~1% of specifications, instead of the usual 10% to 
50% spread 


@ measured, adjusted and grouped for magnetic charac- 
teristics at the factory 


@ a complete line of pot-type ferrite cores from 58” to 134” 
diameter, with bobbins and hardware for each size 


@ available in quantity to manufacturers of communica- 
tions, telemetering and computer equipnient 


There's Nothing Else 
Even Remotely Like These 
Pre-Adjusted Potcores 


by 


Write for literature describing stondard sizes available from stock, exact 
permeability values, and number of turns required for any given inductance. 


FERROXCUBE CORPORATION OF AMERICA 
50 East Bridge Street, Saugerties, New York 


ee - ) (& a © » Lf) ‘) - 
— an he ey 7 Ff ~CL 


Manufacturers of ferrite cores for recording heads, magnetic memories, TV flyback transformers, 
pulse transformers, filters, inductors, high frequency shields and power transformers. 
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composition resistors. International Re- 
sistance Co. 
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CRYSTAL FILTERS—Four-page catalog 
describes major characteristics of 
standard crystal filters. Specifications, 
outline drawings, typical characteristic 
curves and circuit diagrams are shown 
Hycon Eastern, Inc. 
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RESISTANCE WIRE AND RIBBON-—Six 
teen-page catalog-manual M-57C cov- 
ers Chromel-C, a 60-16 nickel-chro 
mium-iron resistance alloy, widely used 
on electrical heating applications where 
temperatures do not exceed 1700 de- 
grees F—and for certain “cold” resis- 
tor applic ations which do not exceed 
800 degrees F. Included are list prices 
and specifications for a complete range 
of standard Chromel-C wire diameters 
and ribbon widths and_ thicknesses. 
Hoskins Mig. Co. 
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PLASTIC FINISHING EQUIPMENT 

Kight-page bulletin No. 228 describes 
Rotoblast deflashing equipment avail- 
able for efficient cleaning and finishing 
of all types of plastic parts. The bulle- 
tin details construction features and 
operation of the automatic Rotoblast 
unit which supplies blasting power by 
centrifugal force. Pangborn Corp. 
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PRECISION GEARS Sixty-four page 
supplement catalog No. 13 lists over 
2000 additional precision instrument 
components such as 24 to 200 pitch 
spur gears. anti-backlash gears, cou- 
plings and many other products. PIC 
Design Corp. 
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CONSTANT VOLTAGE TRANSFORMERS 
FOR FILAMENTS Illustrated four-page 
folder describes constant voltage trans- 
formers for electron tube 6.3 volt fila- 
ment supply. The folder describes the 
operation. and includes electrical and 
mechanical data and prices for five 
stock transformers. These transformers 
provide filament voltage regulation 
within +1 per cent with line voltage 
variations as great as +15 per cent. 
They supply 6.3 volts up to 25 amp. 
Sola Electrie Co. 
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ANGULAR ACCELERATION GENERA- 
TOR—Data sheet S-120 describes angu- 
lar acceleration generator Model AAC- 


2, which permits a new series of 
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RELIANCE 


extends 
Totally 
Protected 
A-c. Motor 
line to 


125 HP. 


Reliance’s proven Totally 
Protected design is now being 
extended thru 125 horsepower. 


Now Totally Protected 
Motors will be available to 
you from 1 thru 125 hp. in 
new NEMA ratings. 


Immediate delivery from 
stock today, 1 to 50 hp. Con- 
tact your Reliance representa- 
tive for shipping schedules on 
other ratings. 


B-1573 


Write or call today : , R E Li A he Cc ENSINGERIHe Co 
for further information 


DEPT. 2712A, CLEVELAND 17, OHIO 
CANADIAN DIVISION: WELLAND, ONTARIO 


Sales Offices and Distributors in principal cities 
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General Purpose, tight Duty Relay.... 
Ideal for a Wide Range of Applications 


Resist Current 
Ohms Milliamps 


32 188 
120 100 
472 51 


10,000 11.5 


Send 
for 
details 


For AC or DC operation. 

Compact size, lightweight. 
Shock, vibration resistant. 
Positive contact pressure. 


Contact combinations up to 3 “C”’. 


‘ 
' 
' 
' 
' 
' 
' 
' 
' 
‘ 
' 
‘ 
! 
' 
' 
‘ 
' 
' 
' 
' 
' 


Cont. rating, 5 amp. resistive 
5/32” dia. (10 amp. 3/16” dia.). 


Available with plastic dust covers, 
with plug-in feature. 


Vol Single-Pole A.C 2-Pole A.C 3-Pole A.C 
— D.C. Resist Current D.C. Resist. | Current D. C. Resist Current 
Ohms Milliomps Ohms Milliomps Ohms Milliamps. 


6 8.3 | 220 4.4 | 350 28 | 680 | 
12 | 35 | 130 18 «| 175 1 06 |) 315 


24 140 60 | 75 95 46 165 


i 
| 
1 
110 | 3,000 12. | 1,900 | 21 1,140 | 35 
| 
230| 12,300 | 66 | 7,500 | 106 | 4,850 18 


QINOT «<c7R\¢ company 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 
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dynamic evaluation tests in addition to 
its function in the calibration of a 
celerometers. Included are specifica 
tions, photographs and charts that 
cover such features as the table zero 
adjustment and accommodation of up 
to a 25 pound test device. provision for 
torsion shaft driven positional pickoff. 
and direct connection to base sockets 
without using slip rings. Statham De- 
velopment Corp. 
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TRANSFORMER AND BOBBIN WINDER 
Catalog page illustrates and describes 
Model 149-AM heavy duty transformer 
and bobbin winder handling wire sizes 
t to 23. Technical details are given on 
dimensions. weights. types of windings. 
maximum coil OD and length. maxi- 
mum loading distance for multiple 
winding. tensions. gears. winding range 
and speeds. motor, set-up time. counter. 
brake. optional stopping teature tor 
transformer winding. and wire guide 
carriage. Geo. Stevens Mig. Co.. Ine. 
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TEMPERATURE MEASURING INSTRU- 
MENTS. Folder gives details 


basic types of fast-reading metal-probe 


on two 


thermometers and shows the various 
configurations in which they are avail- 
able. The two types listed in the litera- 
ture are the integral-probe type. with 
the electrical indicating instrument 
mounted directly on the rigid probe. 
and the remote-probe type. in) which 
the indicating instrument is in an 
anodized aluminum case and the probe 
is located at the end of a flexible cabl 
Royco Instruments. 
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WIRE, CABLE AND CONDUIT —Techi- 
nical bulletin RCP-100 entitled “Guide 
to Representative Wire. Cable and 
Conduit” describes the general char- 
acteristics and uses for most of the 
firm’s products. The bulletin includes 
information on insulation and sheathing 
materials: bare and weatherproof 
wires; magnet wires: building wires: 
machine tool and control wires; hook- 
up wires; power cables: portable cords 
and cables: instrumentation. station 
control, supervisory and signal cables: 
and conduit. Rome Cable Corp. 
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PRECISION INDUSTRIAL FASTENERS 

Revised four-page bulletin describes 
a broad range of precision industrial 
fasteners for a wide variety of produc- 
tion assembly and maintenance appli- 
cations. The bulletin covers the line of 
standard industrial fasteners. including 
Unbrako socket screw products. Flexloc 
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Now! A Complete Line of Self-Locking 
Microsize UNBRAKO Socket Cap and Set Screws 


Nos. 0, 1, 2 and 3 in alloy steel and stainless steel 
are available with the Nylok* feature 


ZA ; HEAT-TREATED ALLOY STEEL 
You effect major economies in time and money Cy ; Te SeR-Leching Maecine CHERARS 
- Socket Cap Screws 
when you design and assemble small devices with ; = Class 3A Threads 


‘ . . N 
self-locking microsize UNBRAKO socket screws. a, Rta Torque 
ocation 
These close tolerance screws won’t work loose. Some tes - | Wee 
i stat. 
They simplify standardization of small devices eae ae es 
7 As ; ; ; : ; A .104 | |. ; 14.0% 
where maximum reduction of weight is required B .060 |. 14.0% 


* ; 1D = » .060 t 14.0% 
without sacrifice of strength. They eliminate the F .050 14.0% 


118 |. 28.0% 
.073 047} 11. 28.0% 
.073 Pa. 2 28.0% 
.050 
140 
.086 
.086 





necessity of designing costly special screws to 
fasten tiny parts in compact assemblies and they 
prevent the waste of production time while waiting 


for delivery of special screws. 





In addition to having the overall advantages of 





microsize UNBRAKO socket screws, these screws 





TOerIrnO FT PINOT > 


can be used in holes tapped in soft or die cast 
materials without stripping threads and ruining * Measured in in.-zm. (those not marked with a star are measured in in.-oz.) 
c « . a 


expensive work. Also the set screws can be used ; | a A ny Ps 
with hardened shafts, since they lock against the {i+} © ESSeiP Self-Locking Microsize UNBRAKO 
F rH Socke? Set Screws 
Class 3A Threads 
N 


, Pellet Torque 
All UNBRAKO socket screws can be supplied with Location 


threads of the tapped hole. 





Screw Size Ist off | Sth off 


stat. sto?. 
min. min. 


: 14.0* 7.0% 
is ; 7 ' ; 14.0* 7.0% 
auxiliary locking devices are needed. Seated or 4 14.0% 7 O* 
not, the screw locks positively wherever wrenching 14.0% 7.0* 

’ 14.0* 7.0% 


stops, won't work loose—because the tough resil- / 28.0% | 14.0% 
s 28.0% | 14.0% 
ient nylon pellet forces mating threads together. 


the self-locking Nylok feature. The UNBRAKO 


with Nylok is a single self-locking unit. No 


28.0% 
Ask your authorized industrial distributor for 
details today. He carries complete stocks of self- 


locking UNBRAKO socket screws (caps and sets 








from +0 through | in., button heads =4 through 











¥% in., flat heads from +4 through % in.). Or 
; ; ; * Measured in in.-gm. (those not marked with a star are measured in in.-o7z.) 
write us for literature and samples. Unbrako ag 
Self-locking microsize UNBRAKO socket cap and set screws are available 

Socket Screw Division, STANDARD PRESSED STEEL in sizes #0 through #3, in heat treated alloy steel (plated or unplated) 
: j and stainless steel, at your authorized industrial distributor. He also 
Co., Jenkintown 9, Pa. carries a complete stock of other self-locking UNBRAKO socket screws 


*T.M. Reg. U.S. Pat. Off., The Nylok Corporation 


Jenkintown * Pennsylvania 


We also manufacture precision titanium 


ee Standard Pressed Steel Co. * The Cleveland Cov Screw Co. 
fasteners. Write for free booklet. Fe ee te oa eet ee! 
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ay .¢ = 
YOUR 
PICK! 


Special 
Chromalox features 
solve 3 spot 
heating problems 


FLEXING 


ring strain reliever of high tempera 
sre stainless steel for applications in 
which cartridge heater leads flex. High 
tensile spring, mechanically locked to 
heater, covers lead wires a distance 
fficrent to distribute stress 


MOISTURE 


— 


Moisture-resistant flexible brass con- 
duit protects lead wires of cartridge 
heaters operating in presence of steam 
water, o:! and vapors. Also offers added 
protection from flexing, vibration and 
mechanical damage 


ABRASION 


Flexible brass conduit protects car- 
tridge heater lead wires against abra- 
sion from other moving parts and from 
accidental mechanical damage. Safety 
factor where lead wires are exposed to 
machine operator. 


FREE BULLETIN! 


wmOmALon 
CHROMALOX 
ELECTRIC 
CARTRIDGE 
HEATERS 


Get the full story. Call your Chrom- 
alox Representative or write today 


for Bulletin 850. 
c-2101 


Edwin L. Wiegand Company 


7530 Thomas Boulevard - Pittsburgh 8, Pa. 
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self-locking nuts, Sel-Lok spring pins 
and Hallowell steel collars. Included 
are range of sizes, materials. finish and 
other specifications for socket head cap 
and set screws, shoulder screws, both 
regular height and thin self-locking 
nuts. clinch nuts. dowel pins, spring 
pins and collars. Standard Pressed 
Steel Co. 
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WIREWOUND RESISTORS AND RESIS- 
TOR NETWORKS 


covers in detail a line of custom-made 


Eight-page catalog 


precision wirewound. encapsulated re- 
sistors and hermetically-sealed resistor 
networks. Included are several easy-to- 
read charts and graphs. many illustra- 
tions. drawings and specifications. Gen- 
eral Resistance, Inc. 
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STAINLESS STEELS —Twenty-eight page 
booklet describes properties and appli- 
cations of 17-4 PH and 17-7 PH stain- 
less steels. Fabricating procedures for 
these special precipitation-hardening 
alloys are also covered. Examples ot 
improved product design and perform- 
ance and reduced costs are detailed 
and illustrated. Armco Steel Corp. 
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PULSE TRANSFORMERS 


catalog C201 describes pulse transforin- 


Twelve-page 


ers, toroids and filters. The catalog pro- 
vides detailed circuit applications and 
design hints using schematic diagrams 
to outline typical uses. Pulse Engi- 
neering. 
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FLEXIBLE TUBING MADE FROM TEF- 
LON—Bulletins 4 and 5 describe flexi- 
ble tubing made from Teflon that is 
said to be the answer to difficult fluid 
flow, transfer and insulation problems 
in the chemical, aviation and electrical 
industries. The bulletins describe vari- 
ous applications and case histories and 
the wide variety of standard stock sizes 
available from 146 in. ID to 1 in. ID in 
several wall thicknesses. Bulletin #5 
also contains a chart listing the fifteen 
outstanding properties of the company’s 
flexible tubing. Pennsylvania Fluoro- 
carbon Co... Inc. 
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O-RING HANDBOOK O-ring handbook 
5700 covers the broad subject of the 
design and application of synthetic rub- 
ber O-ring seals. With an 814 by 11 
inch format, it consists of 160 pages 
incorporating illustrations, 
tables. charts and other data. Divided 
into 9 sections, the book treats such 


numerous 


subjects as O-ring applications, com- 
pounds and how to select the proper 


When Timing is 
the Problem 


LUX . . . Specialists in the in- 


dustrial timing field and producers 
=f over 20 million clocks and timers 
-.. Now offers the full facilities of 
their renowned laboratories to help 
solve your timing problems. 


For design engineering assistance 
. . . Cooperation on custom-develop- 
ing and adapting of electric or me- 
chanical timing devices to meet your 
specialized needs . . . contact LUX. 


TYPICAL PRODUCTS DEVELOPED 
BY THE FAMOUS TIMING 
LABORATORIES OF LUX 


{ APPLICATIONS 


i PARKING METERS 


t WASHERS & 
DRYERS 


i BATTERY 
CHARGERS 


MILK COOLERS 

COFFEE MAKERS 

DISH WASHERS 

GAS RANGES 

SUN LAMPS 

ROTISSERIE 
COOKERS 


FULLY AUTOMATIC 
RANGE TIMER CONTROLS 


ELECTRIC 
HEATERS 


RECORDING 
INSTRUMENTS 


R 
CONDITIONERS 


REFRIGERATION 
SYSTEMS 


ELECTRIC RANGES 
CLOTHES ORYERS 


TIMERS FOR ELECTRIC 
ORYERS 


RECORDER CLOCK 
EM 


ile Up Mele TT Tea Ven aulsdi (Cm Oe mme Lar 
UL NEd LU a merat mee Leno 
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Low-viscosity epoxy flexibilizer can help 
you mold more complex shapes 


Pour Cardolite® NC-513! You can see 
its low viscosity! 


Extreme fluidity like this means this 
3M epoxy resin flexibilizer brings you 
two major advantages: 


1) With NC-513 you can flow flexibilized 
epoxies around the most complex shapes, 
without weakening your resin systems 
by addition of solvents. 


2) With NC-513 you can cut costs by 
adding more filler to your resin systems. 


What’s more, epoxies containing NC- 
513 keep their flexibility for extended 
times at both extremely low and ex- 


IRVINGTON CHEMICAL DIVISION e 
Minnesota Minine AND Mranuracrturinec COMPANY 


.-»- where Research is the key to tomorrow 


DECEMBER 1957 


tremely high temperatures. And be- 
cause NC-513 sets up with the same 
reacting agent as the epoxy, you don’t 
weaken the cured resin. Electrical 
properties, chemical- and age-resist- 
ance are excellent. 


The result, NC-513 by 3M is opening 
new uses for epoxy resins daily ... in 
electrical potting, encapsulation, tool- 
ing resins, adhesives and countless ap- 
plications where flexibility is essential. 


Major epoxy producers recommend 
Irvington Chemical Division’s NC- 
513. Investigate this 3M chemical. 
Send for a free sample and literature 
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CHEMICAL PRODUCTS GROUP 


more cheaply 


by writing: Chemical Products Group, 
3M Company, Dept. WC-107, St. Paul 
6, Minnesota. 


OF CPS 


VISCOSITY THOUSANDS 





Viscosity of typical NC-513 e ox, system. 


KZ ~~ 
( yy 
x yy 
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No wonder the new 
Silic-O-Netic Time Delay 
Relay has aroused such interest. 

It offers basic advantages as a 
delay device unequalled in its low 


price range. 


The Silic-O-Netic Relay provides delay 
with no mechanical linkages . . . nomechanism 
to speak of. . . only one moving part, and that 
part is hermetically sealed, forever free of 

dirt and dust. It operates on a positive 

change in magnetic flux which is sharply 
defined as the movable core touches 
the pole piece. Moreover, the new 
Type A model has high speed 
contacts, affords good 
contact pressure. 


in TIME DELAY RELAYS 


Heinemann Silic-O-Netic 
Relays are already being 
used in dozens of volume 
applications where absolute 
dependability is essential. 
They are well worth your 
investigation. 

Write for Bulletin T-5002 


HEINEMANN 


ELECTRIC COMPANY 
99 Plum St., Trenton 2, N. J. 


Circle 


IT'S DIFFERENT... 


No thermal elements . . . no aging, no 
fatigue . . . long-life stability. 


Small size . . . Overall dimensions: 2)” 
4 hie x af 
Delay periods .. . % to 120 seconds. 


Low cost . . . achieved in 20 years of 
solenoid manufacturing experience. 
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one, engineering data. gland design. 
installation, static and dynamic seals. 
and military and industrial require- 
ments. Rubber Products Div... Parker 
Appliance Co. 
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VISUAL ANALYSIS IN MEASUREMENT 
PROBLEMS——A bulletin series covering 
technical notes on applications of tech- 
niques in the solution of measurement 
problems has been inaugurated. Called 
“The Panoramic Analyzer.” the series 
covers actual case histories. the fune- 
tion and use of various types of instru- 
ments. results achieved with combina- 
tion instrumentation systems. technical 
explanations and solutions of both 
common and unusual problems. Pano- 
ramic Radio Products. Ine. 
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ULTRA-THIN STAINLESS STEEL Data 
sheet describes ultra-thin and high- 
precision tolerance stainless steel strip. 
Highlight is a section tabulating the 
more important properties of the hard- 
enable types of the 300 series. These 
types may be hardened by sub-zero as 
well as by conventional precipitation 
hardening processes. American Silver 
Co., Inc. 
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SUBMINIATURIZED ELECTROLYTIC 
CAPACITORS Bulletin TE-250  de- 
scribes capacitors designed for transis- 
torized circuits and miniaturized low 
voltage d-c equipment. The units have 
applications in hearing aids. transistor- 
ized radios, and miniaturized recorders. 
Included are performance characteris- 
tics and test specifications. Astron Corp. 
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R-F SUPPRESSION FILTERS Catalog 
presents a listing of r-f suppression 
filters specifically designed for shielded 
enclosures and individual applications. 
The listing includes both high power 
and low power suppression filters for 
use in single. dual and 3-wire circuits. 
Complete physical and electrical char- 
acteristics are included. Axel Bros.. 
Inc.. Electronics Div. 
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HEAT TREATMENT STUDY OF METALS 
AND ALLOYS ASI 289 M. a 4-page 
publication. furnishes detailed infor- 
mation on the result of a study of the 
heat treatment of Croloy 244 (Grades 
T22 and P22). It details the yield 
strength. tensile strength, elongation. 
reduction of area and Brinell hardness 


Circle 270 on page 17> 








Ready, Set, GROW... with 


The economical way to make your products strong, light and handsome 
is with Revere Aluminum Sheet. Economical because aluminum is so easy 
to handle and process, can so readily be given a surface finish of distinction 

Revere can serve you promptly now from plants in the East and Mid- 
West, and soon will be fully integrated as a primary aluminum producer 
Revere Copper and Brass Incorporated. Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue, New York 17, N. Y 


Revere Aluminum Mill Products include coiled and flat sheet, both plain and embossed; 
circles; blanks; Tube-in-Strip; extruded products; seamless drawn tube; welded tube; rolled 
shapes; electrical conductors; forgings; foil; frozen food containers. Write for new illustrated 
booklet on Revere Aluminum Sheet. Free! 





WITH THE WALES 
FABRICATOR-DUPLICATOR 


ACCURATE HOLES FROM ANY MASTER TEMPLATE! 


Holes in the template, mounted on the Duplicator, are auto- 
matically precision punched in the work piece . . . which is 
mounted on the Fabricator. Any size or shape hole within the 
limits of 342” dia. can be 

handled on a quick change 

basis. Punch and die 

changes are made in sec- 

onds so that patterns with 

various size holes can be 

duplicated at high speed. 

This equipment is a com- 

plete punching shop in it- 

self ... fast ... accurate ... 

rugged and priced within 

the reach of any shop. 


WALES MOBILE FIELD UNITS 


We'll bring the Fabricator- 
Duplicator right to your door 
for a demonstration 

Ask for details. 


SEND FOR BULLETIN NO. 12L 


Time studies, specifications 
illustrations etc., are all 
yours for the asking. 


WALES TE ee ON 


A UNIT OF HOUDAILLE INDUSTRIES 


AKRON, NEW YORK 


WALES-STRIPPIT OF CALIF., SOUTH GATE, CALIF. 
WALES-STRIPPIT OF CANADA LTD., HAMILTON, ONT. 


"the Wales-Way is the PLUS-PROFIT way” 
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at various annealing temperatures. 
Tubular Products Div., Babcock & Wil- 
cox Co. 
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VARIABLE VOLTAGE ADJUSTOR—Cat- 
alog VA 312 emphasizes the importance 
of maintaining a constant voltage to 
obtain the maximum performance trom 
electric powered or electric driven 
equipment. It also covers the problem 
of voltage drop and voltage fluctuation 
as a result of overloads or distribution 
systems. Acme Electric Corp. 
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PRINTED CIRCUIT CONNECTOR-—Two- 
page illustrated technical bulletin gives 
specifications, diagrams and _ general 
information on printed circuit connec- 
tor for computer application. It is said 
to be the longest precision printed cir- 
cuit connector known. Included are 
general description. outline and mount- 
ing dimensions. DeJur-Amsco Corp., 
Electronic Sales Div. 
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VARIABLE SPEED V-BELTS Thirty- 
two page variable speed V-belt catalog 
and reference handbook for designers 
and engineers gives complete cross- 
reference information on every variable 
speed V-belt for every type or make of 
unit. It also contains complete inter- 
change listings including drive data 
and part number listings of the manu- 
facturers. Dayton Rubber Co.. Indus- 
trial Div. 
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ELECTRONIC TUBES—Catalog 2210 de- 
scribes electronic tubes for industry 
and communications. Included are gen- 
eral specifications, tube type. descrip- 
tion. characteristics, ratings and oper- 
ating conditions of 10 power triodes, 
the operation of many rectifiers and 
clipper diodes. and the various fre- 
quency ranges and bands of their TR 
tubes. Central Electronic Manufactur- 
ers, Inc. 
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PHOTO-FORMING OF METAL PARTS 
—TIllustrated bulletin 90 describes 
photo-forming of metal parts for a 
variety of industrial and commercial 
products. Etched to very close toler- 
ances and often in intricate patterns, 
photo-formed parts are used by air- 
craft, electrical and electronic, paper, 
rubber, metalworking, and instrument 
industries. Two processes — chemical 
etching and electrolytic etching — are 
described in the bulletin. Among the 
parts listed are unperforated specialties 


ELECTRICAL MANUFACTURING 





HETHERINGTON 


SWITCHES « INDICATOR LIGHTS e SPECIAL ASSEMBLIES 


ENGINEERING NEWS #8 


FINE-WIRE COILS 


to closest tolerances 


NEW FAMILY OF 66 TOGGLES 


If there’s anything to heredity, the 
sixty-six talented toggles of the 
Hetherington ‘1500 Series” have 


and maintained contact actions. In 
addition, most types are available 


2 


LIKES THE RUGGED MILITARY LIFE g“r 2 


grown more robust and better 
suited to their environments be- 
cause of it. Sired by JAN-S-23 and 
MIL-S-6745, the “1500 Series” de- 
sign has become firmly established 
as the heavy duty toggle switch 
family for aviation, military and 
critical industrial equipment. 

The new Hetherington “1500 
Series” includes twelve single- and 
double-pole circuit arrangements 
in 2- and 3-position types—many 
with a wide choice of momentary 


for 1-hole or 3-hole mounting with 
solder lugs or screw terminals. 

Contact ratings range from 15 to 
40 amperes (resistive) at 28v de, 
depending on type. Thanks to the 
sturdy design of the snap-action 
mechanism, Hetherington ‘1500 
Series” Toggles withstand over 50G 
shock without contact transfer and 
give smooth, reliable operation 
from +180°F to —67°F. 

New Hetherington Bulletin S-8, 
now on press, gives full details on 
the complete “1500 Series” line. 
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Small coils using exceedingly fine 
wire grades have long been necessary 
for many of Hetherington’s own elec- 
trical and electronic products. Now, 
these same Hetherington coil facilities 
are available to other coil users for 
the economical production of paper- 
section, bobbin-wound, or form-wound 
coils to the most rigid specifications. 

Send an outline of your coil require- 
ments today for a prompt quotation 
..any size, any quantity. 
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When You Need Hetherington Products 
IN A HURRY! 


for . . Breadboards . . Prototypes . . Small production runs 


. - Special projects 


Twenty-three of the most commonly needed Hethering- 


ton products are now stocked for immediate delivery 


6 INDICATOR LIGHTS 
PUSHBUTTON SWITCHES 
including MS25089 types 
TOGGLE SWITCHES—submin- 
ee MS baer 0G 
SWITCHLITES (switches with 
built-in lights). 

ROTARY and 
a ht hie 3) 


by over 40 electronic parts distributors throughout the 
country. You'll get fast, local delivery ...and at factory 
prices for less than 50 pieces. 

For the name of your nearest distributor and bulletins 
of the Hetherington products he carries write directly 
to: Distributor’s Division, Hetherington Inc., 26 Ritten- 
house Place, Ardmore, Pa. 


HETHERINGTON INC. DELMARDRIVE, FOLCROFT, PA. « 139 |ilinois St., El Segundo, Calif. 
designed for use where one failure is one too many 
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STERLING SPEED-TROL 
VARIABLE SPEED MOTORS 


Let Sterling Electric Power Drive Engineers 
assist you in the selection of power trans- 
mission equipment and controls precisely 
aa co-ordinated with your machinery, product 
and production volume to help you achieve 


greater productivity. Sterling Drives cor- 
: rectly matched to specific job requirements 
can simplify cost reduction and improve 
your competitive position. Thousands of 


ishiee endian leading companies are profiting daily 
NOkMAL sPttp motors through installation of correctly engineered 
Sterling Electric Power Drive systems. 


Write for Bulletin No. 185. Discover FRRay 
the big advantages Sterling Electric & 
Power Drives can bring to your plant. 

Sterling offers you a wide range of | 7 


Electric Power Drives of advanced de- 
a — sign—variable speed or constant speed 
—with manual or automatic controls. 


TERLING 


ELECTRIC MOTORS 
Los Angeles 22 - Chicago 35 - Cincinnati 37 - Mew Yark 51 
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often with intricate shapes or raised 
design—such as dials, cams. pointers, 
linkages, gears, diaphragms and other 
mechanical parts. Superior Tube Co. 
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SERVO MOTORS AND CONTROLS 
Five catalog data sheets are offered on 
servo motors and controls giving tech- 
nical data. general description, features 
and dimensional drawings. No. 1157 
describes a constant reference voltage 
supply: No. 1257, an ultra-sensitive 
electronic relay; No. 1357. the Series 
“100” adjustable-speed drive; No. 1457, 
the Series “300” — adjustable-speed 
drive: and No. 2857. the Series “A” 
d-c motor permanent magnet. Servo- 
Tek Products Co., Ine. 
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FAIL-SAFE ELECTRIC BRAKE Techni- 
cal Report WEB 6293 gives fully il- 
lustrated story of company’s newest 
electric brake designed for fail-safe 
applications. It includes photographs. 
drawings. diagrams, and explanation of 
operation, selection factors. torque char- 
acteristics and controls. Warner Electric 
Brake & Clutch Co. 
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DRAFTING AND MATHEMATICAL 
TOOL——Descriptive bulletin covers a 
new drafting and mathematical tool 
known as a spherical underlay scale. 
designed to aid research and design 
engineers. With the spherical scale. one 
can quickly draw accurate measured 
space figures and solve a variety of 
problems in space geometry. spherical 
trig, and axonometry. Sphere Grid 
Sales Co. 


Circle No. 667, Reader Inquiry Service Cards 
on page 17 


SUBMINIATURE TANTALUM CAPACI- 
TORS — Technical data bulletin No. 
+38 describes Type STNT polarized 
subminiature tantalum capacitor. in- 
corporating a sintered pellet anode. 
Included are features. mechanical di- 
mensions and electrical ratings. P. R. 
Mallory & Co.. Inc. 
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400-CYCLE SERVOMOTOR— Data sheet 
909 gives details of Model 11 SM 460, 
which is a_ size 11. 115-volt. 400- 
cycle servomotor. Complete specifica- 
tions. characteristics, cutaway drawing, 
torque-speed curve. and schematic tell 
the whole story. Beckman Helipot 
Corp. 
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SATURABLE POWER REACTORS 

Thirty-two page bulletin F-8383 is an 
application guide for the use of satu- 
rable power reactors. The publication 
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Re-Cycling Timers 


Timers for Automatic Control 
... Standard or Special? 


You'll get quick deliveries 
from Industrial Timer 


If slow deliveries of timers have been delaying you in your 
automatic control projects, try us! True, your problem may 
be different and difficult indeed, for no two automatic con- 
trol jobs are exactly alike. But our record in helping out in 
situations like these is excellent. For in this field we have a 
valuable background, twenty years of timer experience to 
be exact, that has provided us with the special knowledge 
required to supply our customers with the right answers. 


How do we do it? The answer is in what we believe to be 


Timers that Control 


the Pulse Beat of Industry 
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the largest variety of standard and combination timer units 
anywhere in the industry. To fill the widely varying needs of 
our customers, we manufacture a complete line of timers in 
the four broad classifications illustrated above: Time Delay 
Timers, Re-Cycling Timers, Interval Timers, and Running Time 
Meters. From these our timer engineers have developed 20 
basic types which they have so far combined in over 1000 
different ways. Therefore—many jobs that would seem to 
require a special timer, are in fact, a standard timer with us. 


And our large stock assures you of rapid deliveries—even 
when we have to create a brand new timer for your special 
needs. So why not send us your specifications. You'll get a 
prompt reply and you may save yourself much lost motion. 


INDUSTRIAL TIMER CORPORATION 


1411 McCARTER HIGHWAY, NEWARK 4,N. J. 
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DURAKOOL 
Tilt Switches 


are the Life of your 
Automatic Controls 


This steel-clad Durakool 
mercury tilt switch has 
unique construction fea- 
tures that deliver years 
of trouble-free pertorm- 
ance on the most difficult 
assignments you can find. 
Operating under sealed- 
in, pressurized hydrogen 
gas, it takes 24 hours, fast 
cycling schedules in stride. 
7 sizes, 1 to 65 amperes. 
Send for Bulletin 525. 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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BETTER CONNECTIONS 


No. 2-142 


JONES BARRIER 
TERMINAL STRIPS 


Leakage path is increased—direct shorts from frayed 
ee a ee) Tae | 
SU me ee Mt a ta tte 
nickel-plated. Insulation, black molded bakelite. Finest 
SOT ee ee ae 


No. 2-142-%4 W 


BOTTLE chal lib 


No. 2-142-¥ 


iIlustrated: Screw Terminals—Screw and Solder Terminals—Screw Terminal above 
Panel with Solder Terminal below. Every type of connection. 


Six series meet every requirement: No. 140, 5-40 screws; No. 141, 6-32 screws; No. 
142, 8-32 screws; No. 150, 10-32 screws; No. 151, 12-32 screws; No. 152, !/,-28 screws. 


Catalog No. 21 lists complete line of Barrier Strips, and other Jones Electrical Con- 
necting Devices. Send for your copy. 


HOWARD B. JONES DIVISION 


CINCH iy» edit ida CORPORATION 


OK mae 
HICAGO mt Li iN 


SUBSIDIARY oe UNITED. CARR FASTENER CORP 
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discusses uses, turn-down characteris- 
tics and the application of automati 
control to these units. Barber-Colman 
Co., Wheelco Instruments Div. 
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HIGH FREQUENCY PULSE GENERATOR 

Technical bulletin describes the Type 
1050 high frequency pulse generator. 
designed for applications involving 
high speed switching circuits. The 1050 
produces half sine wave pulses in four 
overlapping frequency bands from 1.6 
to 10.4 me. Electronic 


Instruments Div. 


Burroughs Corp.. 


Circle No. 671, Reader Inquiry Service Cards 
on page 17 


PUBLICATION ON NEW PRODUCT 
DEVELOPMENTS IN CONNECTORS 

New company publication describes re- 
cent product developments and designs 
in electronic connectors and compo- 
Titled “Electronic 
the firm currently plans to issue the 


nents. Connector.” 
j-page publication on a quarterly basis. 
H. H. Buggie. Inc. 
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ELECTRONIC CHASSIS LATCHES—Bul- 
letin No. 27L on electronic chassis 
latches includes illustrations, drawings. 
and descriptions of the 21L and 27 
latches. with details on the interchange- 
able handle and fork assemblies. Also 
included are specifications and operat- 
ing instructions. Weight, material, and 
given for all catalog part 
numbers. Panel thickness and adjust- 
ment ranges are indicated for fork as- 
semblies. Camloc Fastener Corp. 
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finish are 


SILICONE SPONGE RUBBER SHEETS 
Two-page data sheet describes the prop- 
erties of COHRlastic R-10470 silicone 
sponge rubber sheets for —100 F to 
180 F applications. These sheets meet 
AMS 3195 and 3196 and many com- 
mercial specifications as well. Included 
are uses, availability from stock, speci- 
fications and properties. The Connecti- 
cut Hard Rubber Co. 
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RELAYS, THERMOSTATS, SWITCHES, 
CONTROLS—“Check List of Reliable 
Controls” contains capsule information 
on a line of relays, thermostats, rotary 
switches, range 
trols and snap-ins designed to provide 
engineers with the quick facts about 
controls for air conditioning, aircraft, 
appliances, automation, 
guided missiles, and similar applica- 
tions. The check list contains a busi- 
ness reply card for those who would 


switches, motor con- 


electronics, 
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Photo shows wide variety of CTC components. Upper left, hardware, knobs, panel screws. Upper right, standard terminal 
boards, phenolic and ceramic. Bottom row, insulated terminals in ceramic and teflon, diode clips, battery clips, plugs and jacks. 


Common denominator — CTC reliability. 


If specifications call for durability 
specify CTC hardware 


Durability is not just a term at 
CTC — it’s practically a manufac- 
turing process! Take the above line 
of CTC hardware for example. CTC 
guarantees it and every one of its 
components unconditionally — in 
any quantity! That’s high quality 
control — quality control that meets 
or betters all applicable military and 
government specifications. CTC 
quality controls the raw material, 
each step of production and the fin- 
ished product — the result — excep- 
tional durability. 

Best of all you get this durability 
economically. In fact — you 
couldn’t make such hardware items 
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cheaper yourself! Our large selection 
of standard panel and chassis hard- 
ware fills most needs. If you require 
custom design, contact us direct. 
Send for CTC’s Catalog 600 — it 
has all the details of CTC’s complete 
hardware line. Write to Sales Engi- 


neering Dept., Cambridge Thermi- 
onic Corporation, 453 Concord Ave., 
Cambridge 38, Mass. On the West 
Coast contact E. V. Roberts and 
Associates, Inc., 5068 West Wash- 
ington Blvd., Los Angeles 16, and 
1560 Laurel St., San Carlos, Calif. 


CAMBRIDGE THERMIONIC CORPORATION ~ 


makers of guaranteed electronic components 


custom or standard 
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MRP 
for RELIABILITY 


AMPHENOL’s high temperature Teflon Hook-Up Wire is made to MIL-W- 
16878B—an exacting specification that requires rigid manufacturing and 
testing procedures. In addition to these requirements, AMPHENOL supple- 
ments the specification with even more stringent testing to assure the most 
reliable wire product available. 


in Manufacturing—AMPHENOL maintains a constant check during 


extrusion of the Teflon to be sure that the insulation is always 
concentric. 


in Materials—-AMPHENOL uses a minimum of 40 microinches sil- 
ver plating on all wires. 


in Inspection—AMPHENOL tests every foot of finished Hook-Up 
Wire for reliable operation at rated and higher voltages. 


These extra steps are important to users. Concentric insulation provides 
clean wire stripping—no damage to the conductor wires. The full cover- 
age of silver plating assures faster, easier tinning—and reliable soldered 
connections. 100% inspection for dielectric strength is the most effective 


guarantee of reliable performance—the reliability you must have in Hook- 
Up Wire. 


AMPHENOL Inaustrial Distributors carry stocks of standard 


AMPHENOL Components in order to provide immediate service 
to your rush requirements. 


AMPHENOL ELECTRONICS CORPORATION 
chicago 50, illinois 


AMPHENOL CANADA LTD. toronto 9, ontario 
Circle 279 on page 17 


like more complete information on a 
specific control. The Hart Manufac- 
turing Co. 
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COLD HEADED FASTENERS AND 
SMALL PARTS Catalog No. 106 is a 
condensed handbook on the design and 
use of cold headed specialties such as 
rivets. nails. screws, and other fasteners 
and small parts. Data includes cost and 
design advantages and manufacturing 
possibilities. plus information on metals 
and finishes. John Hassall. Ine. 
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SMALL LAMP SOCKETS Twenty-eight 
page comprehensive catalog describes 
a complete line of sockets for small 
lamps used in every electrical or elec- 
tronic product. Full technical deserip- 
tions are given for each group. of 
sockets. together with actual-size illus- 
trations of various designs. In addition. 
actual-size illustrations of the various 
lamps which can be used are shown. 
Each group of sockets also has a full 
page of diagrams with measurements 
of some of the mounting brackets avail- 
able. Leecraft Manufacturing Co.. Ine. 
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GEARED FLEXIBLE COUPLINGS. —Book 
2775. a 12-page publication. details 
pertinent application and selection data 
for couplings with maximum bores 
ranging up to 7 inches and ratings from 
214 to 572 hp per 100 rpm. Book 2775 
describes four basic applications, each 
of which is available in ten standard 
sizes. Link-Belt Co. 
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MINIATURE TEFLON COAXIAL CA- 
BLES — Technical data sheet describes a 
new line of miniature coaxial cables 
insulated with Teflon for high tempera- 
ture applications. The extra-flexible 
standard constructions are available in 
the 50. 70. 75. 93 and 95-ohm ratings. 
Included are jackets available and 
electrical characteristics. Tensolite In- 
sulated Wire Co., Ine. 
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PHASE ANGLE VOLTMETER Sixteen 
pages of application notes on the Model 
VM-200 series phase angle voltmeters 
provide set-up diagrams and procedures 
for the many research, test and produc- 
tion applications of the instrument. 
The application notes illustrate the in- 
strument’s use as a_ phase-sensitive 
vector voltmeter and a-c vacuum tube 
voltmeter. Methods are provided for 
measuring signal magnitude and the 
quadrature and in-phase components of 
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Meet the buzzin’ cousin of a 


Mallory 
Vibrator 


A major appliance manufacturer recently had need for an 
economical buzzer-type alarm to act as a high-temperature signal 
on an oven. 


The manufacturer turned to Mallory—pioneer in the automobile 
vibrator industry—for aid in designing this electromechanical 
device. The idea sounded challenging . . . so, we put our quarter- 
century of vibrator experience to work. 


Literally overnight, we came up with a simple, practical design 
which we’re now economically producing ...and we have a new 
and satisfied customer. 


Maybe you, too, have need for components that might be consid- 
ered ‘“‘buzzin’ cousins” to a vibrator...not only in the home 
appliance field, but perhaps for industrial products. If so, there’s a 
wealth of experience and engineering ability in Mallory’s Vibrator 
Division that can help solve problems you may have in electro- 
magnetic or electromechanical devices. Let’s talk it over! 


Expect more...get more from 
Serving Industry with These Products: 


Electromechanical — Resistors © Switches ¢ Tuning Devices ¢ Vibrators A ES 
Electrochemical — Capacitors © Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts © Special Metals © Welding Materials 


Parts distributors in all mojor cities stock Mallory 


standard components for your convenience. P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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“NIX! 


We've tried that 


contact material before!"’ 


common error in CONTACT SELECTION 





ee —— lCCl lO 





Frequently, in recommending contacts, Stackpole meets 
the objection: “We've tried that grade before. It’s no 
good for our equipment!” 


Experience proves that such conclusions should not 
be reached too quickly. Certainly they should not be 
based on tests of only one or two contact grades. 


For instance, an electrical equipment manufacturer 
rejected a silver-tungsten grade (made by another con- 
tact producer) because of its high contact resistance. 
Because of this, he ruled silver-tungsten contacts “out” 
of further consideration. 


After considerable persuasion, a Stackpole silver- 
tungsten grade was finally tested and proved eminently 
satisfactory. This grade, however, contained different 
proportions of silver and tungsten powders. Moreover, 
it was processed by much different methods. 

Other instances might be cited wherein prejudices 
against silver-graphite, silver-copper and other so-called 
“standard” materials were overcome by Stackpole 
Custom-Tailored contact grades. 

Actually, Stackpole’s chief contact facility is its 
proved ability to adapt standard materials to specific 
equipment. A relatively small percentage change in the 
metal powders used in a mix plus Stackpole’s unique 


processing methods may make a vital difference in 
contact performance. 


The moral then is simply this: If use of a certain 
contact material grade is indicated by reasons of econ- 
omy, potentially desirable characteristics, ease of as- 
sembly or whatnot, the failure of one such grade only 
points up the need for further custom engineering. 

And such failures usually provide the clues to 


Stackpole contact engineers as to what changes need 
to be made! 


_Stackpole welcomes the opportunity to supply con- 
vincing proof of this to quantity contact users. 


STACKPOLE CARBON CO., St. Marys, Pa. 


STACKPOLE 


Custom-Engineered CONTACTS 


Hundreds of grades in SILVER-GRAPHITE © SILVER-LEAD OXIDE @ SILVER- 

NICKEL © SILVER-MOLYBDENUM ¢ SILVER-TUNGSTEN © COPPER-GRAPHITE 

GOLD-GRAPHITE © SILVER-COPPER-GRAPHITE © SILVER-IRON OXIDE... 

and other special material combinations mixed to exacting specifications 
and processed from powders. 
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a signal. Measurements of impedance. 
reactance, resistance and power factor 


are described. North Atlantic Indus 
tries, Inc. 
Circle No. 680, Reader Inquiry Service Cards 
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RELAYS 


alog describes a line of relays for ele 


Twenty-page illustrated cat 
industrial use 
technical data 
Included 


drawings. 


tronic. electrical and 


The catalog contains 
covering relavs of all types. 
are features. dimensional 
standard wiring schematics, and order 
ing information. Kurman Electric Co. 
Div. of Norbute Corp. 
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Manufacturers’ 
Publications 


For these selected publications on mate- 
technical 
engineering services, write direct to the 
company letterhead 
mentioning ELECTRICAL MANUFACTURING 


rials, components, data and 


manutacturers on 


as your source 


WIRE AND CABLE MANUAL The sec- 
ond edition of the Rome Cable Manual 
ot Technical 
“Bible” of the wire and cable industry 


Information, a 393-page 


first published ten years ago, has just 
been issued. Some extensive and com- 
pletely new sections, new information 
added _ to 
edition and_ the 
brought up to date. 


and illustrations have been 


the original entire 
manual page by 
page. 

The index has been greatly improved 
to simplify use. For example. under 
“Current Carrying Capacities” in the 
index there are 48 listings covering this 
subject. They are conveniently broken 
down by voltage classifications, copper 
temperatures. load factors and cable 
types. 

The manual is divided into eight sec- 


tions: (1) Wire and Cable Technical 


Tables. (2) Wire and Power Cable 
Engineering Calculations and Data. 
(3) Communication Frequency Data 
and Calculations, (4) National Elec- 


Data, (5) 
General Technical 


trical Code Properties of 
Metals. (6) 
mation. (7) 
(8) Cable Practices. A 
twenty-three index 
follows. The section on cable installa- 


Infor- 
Conversion Tables and 
Installation 


page alphabetical 


tion and practices is new with this edi- 
tion. The entitled “Wire and 
Cable Technical Tables” now includes 
information on aluminum conductors as 


section 


well as copper. The section “Wire and 
Power Cable Engineering Calculations 
and Data” is a comprehensive engineer- 
ing guide to cable design. selection 
and operation. 

distribution and_ all 
(it’s $4.50 a copy plus 12 cents post- 
age) will be handled directly from 
Rome Cable Corp.. Rome, N. Y. 


Foreign sales 
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DASHBOARD LIGHT LENS 


MOLDED FURNITURE DRAWER 


WASHING MACHINE 
AGITATOR 


DISH WASHER 
IMPELLER 


=, TIMING GEAR 


SEARCHLIGHT 
ENS 


DISTRIBUTOR 
CAP 


Any Material - Any Shape CUSTOMOLDING 
Any Color - Any Size 

Planning before production can save you time and 

money. Richardson offers a complete service in re- 

search, development and design. Multi-plant opera- 

tions offer ample facilities for injection, transfer and 


compression molding. Write today for the molding P L A S T C S 
catalog or phone Chicago MAnsfield 6-8900. LAMINATED AND MOLDED 


THE RICHARDSON COMPANY « DEPT. 22 - 2799 LAKE ST. » MELROSE PARK, ILL. - SALES OFFICES IN PRINCIPAL CITIES 
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SWEET K& J MUSIC 


many a tough customer 


We've been working with plastics 
for thirty years—and those of our 
customers who came in with a lion’s 
roar have settled down to a steady 
purr of satisfaction with K&]J service. 
They like our integrated engineer- 
ing, mold making and molding serv- 
ice; our keeping delivery promises to 
meet their tight production sched- 
ules; our engineering help which often 
results in design changes that mean 
better performance and lower cost. 
'Let’s get better acquainted. Our 
brochure, “A Service to Users of 
Compression Molding” will give you 
the whole story. 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8, N. 
Represented by 
S.C. Uliman 
55 West 42nd St., New York, N. Y. 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J 
Phone 1-3170-J32 


Wm. T. Wyler 


Box 126, Stratford, Conn 
Phone Bridgeport 7-4293 
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\s manuscripts are projected for pub- 
each ELECTRICAL 
VIANUFACTURING. the board of editors 
determines which editorial articles are 


lication in issue of 


to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
EvecrricaL MaNUFACTUR- 
ING reader qualifies for one copy of all 


Any regular 


single-article reprints. without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Cards 


Service beginning on 


REPRINTS NOW AVAILABLE 


Research Progress in  Dielectrics— 
1957, December 1957, 12 pages. 
Annual on-the-spot staff review of 
the meeting of the Conference on 
Electrical Insulation (National Aca- 

Sciences—National Re- 

search Council). Subjects discussed 


demy of 


Materials for severe tem- 
and 
conditions in supersonic missile and 
aircraft applications; radiation re- 
sistance of silicones; degradation of 
Mylar film; insulation life of flexible 
insulation; mechanisms of electrical 
failure; “treeing” in polyethylene 
cable. Table and graphs. (712) 


include: 


perature other environmental 


Design and Application of Hysteresis 
Clutches, December 1957, 16 pages. 
Advantages of hysteresis clutches 
for control and instrument purposes 
are evaluated, and important. cir- 
cuits analyzed. Complete details of 
electrical magnet design of 
these clutches are presented, includ- 
ing altitude 
tions. 


and 


considera- 


(733) 


operation 


New Procedures for Designing Linear 
and Swinging Chokes. December 
1957, 8 A simple, widely- 


usable procedure to save time in 


pages. 


the design of linear and swinging 
chokes is described and _ illustrated 
with specific examples. Complete 
design data and curves, verified by 
use in a design organization, are 


given. (702) 


Design of Cooling Fins for Semicon- 
ductors, November 1957, 8 pages. 
Removal of heat from semiconduc- 
tor devices is accomplished | pri 
marily by providing increased sur- 
face area. The geometry, material 


should oircle those 
numbers indicating the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities. 
special quotation. 

Cost of 
Single Subject Reprints 

Vo. of 

Reprints 


page 17. Readers 


Vumbers of pages 
4-12 16.32 
Gratis Gratis 
$2.00 $3.75 
3.50 6.00 


7.50 12.50 


selection and dimensions of cooling 
fins for this purpose depends upon 
numerous factors. Calculation meth 
ods with convenient nomograms are 
presented for direct use in the de 


sign of fins. (710) 


Analysis and Elimination of Corona 
Effects, November 1957, 8 pages. 
A discussion of the causes that lead 
to corona with examples of specific 
procedures, such as changes in con- 
figuration, to eliminate corona ef- 
fects. Test methods for detection 
and location of corona are also de- 
scribed. (701) 


Housing Design for Centrifugal Blow- 
ers, November 1957, 8 pages. Effect 
of three major factors in housing de- 
sign for single-inlet impellers of the 


Vow Ready— 


Get Your Copy of the 


EDITORIAL INDEX TO 
ELECTRICAL MANUFACTURING 
FOR 1956 


In addition to an annotated, sub- 
ject-classified index to all the fea 
ture articles, this 24-page book 
provides an author index, and re 
produces the ELECTRICAL MANU- 
FACTURING Functional Subject 
Classification and Alphabetical 
Subject Cross Index. To receive 
without charge your copy of this 
index circle No. 737 on the 
Reader Inquiry Service Card on 
page 17. 
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RX MIXED-FLOW BLOWER UNIT: A TORRINGTON Ist 


The Torrington RX Radiax blower introduces a new development in 
air impeller engineering. 

It is a direct drive mixed-flow unit employing an exclusive Torrington 
design concept which results in the conversion of axially-developed air 
pressure into a radial flow pattern. 

The result of this design breakthrough is a versatile unit that can be 
tailored to an extended range of customer needs by modification of the 
axial fan configuration to exact performance specifications. This elimi- 
nates dependence upon a variety of different sized units for varying 
requirements. 

The RX offers three important advantages: 

PERFORMANCE ~— A flat power curve makes it a non-overloading unit, 
permitting the use of a single smaller-capacity motor for varying appli- 


cations, and availability of the unit in sizes heretofore too large for 
direct drive applications. 

CONSTRUCTION —A vertical center panel divides the unit longitudi- 
nally and supports the motor at its center of gravity. Resilient motor 
and fan mountings minimize noise and vibration. Result is quiet per- 
formance, and easy assembly and service. 

ECONOMY ~—The basic design permits size reductions of as much as 
36 per cent in the cubic dimensions of the unit, without sacrifice of per- 
formance. Thus, the RX is a thinner, more compact unit that can be 
fitted into tighter areas without choking of air intakes. 

The design and performance of the RX give it a versatility that is of 
special importance to design engineers of air moving equipment. Full 
specifications are available. 


THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT + VAN NUYS, CALIFORNIA +« OAKVILLE, ONTARIO 
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Even strains up to 
squirrel-cage type are considered: 


100 a scroll shape, housing width (with 

i respect to blower width), and 

= geometry of inlet ring. Test data are 

can't budge cords and cables analyzed as basis of choice of these 
anchored by GRIPMASTERS! 


design parameters. (705) 
Evaluation of Enameled Magnet Wire 
And Applications, October 1957, 


20 pages. A detailed review of the 
major types of enameled magnet 


Eliminate cord and cable failures 
permanently wherever power is 
supplied by exterior conductors. 
Economical, easily and quickly 
installed by unskilled operators. 
Used by leading appliance and 
equipment manufacturers. 


wire, with properties appraised in 
relation to specific areas of product 
application. Types of wire reviewed 
include those with plain enamel 
Formvar, nylon, nylon-Formvar, 
polyester, epoxies, Teflon, Teflon- 
acrylic, and polyurethane. Detailed 


AVENE saa iA x TYPES tables of properties, application 

aa eT ens tamer ond Sir 

CUO le) La ond applicable standards. (729) 
aU taal EN) 


New Relay Forms for A-C Operation, 
October 1957, 8 pages. Discussion 
of the disadvantages of existing a-c 


All Metal Gripmasters 


Click o 


Form a smooth metal band, firmly 
locked with a “bull dog” grip on cable. 
One-piece construction; quickly posi- 
tioned by slight pressure. Cannot 
shake loose in hardest service, espe- 
cially suited for equipment subject 
to severe handling. 


n Gripmasters 


Clickons form an immovable ring ex- 
erting uniform pressure on the cable 
circumference. Applied in seconds, 
Clickons are permanently locked in 
position. Effectively absorb cord pull, 
prevent braiding from unraveling and 
need for tape or thread binding. 


insulated Gripmasters 


edi 


Insulated types forming a compact 
ring that hold cables permanently in 
a vise-like grip. Suitable for assembly 
line installations. Designed to pro- 
vide positive protection for all cord- 
equipped electrical appliances. 


OTe ERY a4 
NG SLEEVES ELIMINATE 


FRAYED CORD ENDS! 


Gripmaster 

rubber tubes, 
specified 
industry-wide 

by leading 
manufacturers, 
prevent fraying at 
cord ends. Available 


for 5 wire sizes to .790 


Write for Samples and Quantity Prices 


GEORGE 


WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, N. J. 
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relays and of the methods of using 
d-c relays on a-c. Two basically 
new forms of relay for intrinsic a-c 
use developed at the Naval Air 
Development Center are described, 
with details of their development, 
including methods of magnetic cir- 
cuit analysis. (722) 


Effects of Nuclear Radiation on Elec- 


tronic Components, September 
1957, 8 pages. Detailed experi- 
mental data on electronic compo- 
nents that have been operated and 
tested in gamma and neutron fields 
by Admiral Corporation under an 
Air Force research contract. Spe- 
cific components tested include: 
insulated wire; resistors  (wire- 
wound, composition, carbon film, 
and stannic oxide film); capacitors 
(mica, ceramic, glass, paper, and 
plastic); vacuum and _= gas-filled 
tubes; germanium and silicon di- 
odes; printed circuit boards. 


(732) 


Transistor-Magnetic Amplifiers, Sep- 


tember 1957, 8 pages. Seven com- 
bination circuits: three a-c servo 
amplifiers; pulse-width modulated 
d-c switch; d-c to a-c servo ampli- 
fiers; a-c to d-c regulated power 
supply; low-level d-c harmonic- 
type amplifier. (728) 


Thermal and Acoustical Insulation 


Problems. August 1957, 8 pages. 
Newer types of thermal insulation 
are reviewed, particularly in rela- 
tion to current requirements in ap- 
pliance design. Applications are 
discussed in refrigerated equipment: 
ranges; water-heaters; air condi- 
tioners; and home laundry equip- 
ment. Materials discussed include: 
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for applications demanding ABSOLUTE UNIFORMITY 


ESSEX 
exrratresty WMIAGNET 


TESTING... 


Essex Extra Test Magnet Wire 
has earned its reputation for 
excellence through continous test- 
ing of every important quality. 
Here the Dielectric test is being 
made. Results in each case must 
exceed accepted standards. 


Distributed nationally to the 
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WIRE 


wine PRODUCTS 


Circle 286 on page 17 


Maximum dielectric strength 
Dependable insulation qualities 
Superior windability 


High speed winding subjects magnet wire to a most severe 
test—demands tough, pliable insulating film . . 


. Spool-to-sps ol 
uniformity . . 


. copper with proper degree of anneal. These are 
qualities you find in every spool of Essex Extra Test Magnet 
Wire. Essex engineers maintain close control from raw material 
through finished product to assure you consistent, trouble-free 
performance. Essex delivers one quality of Magnet Wire to all 
customers —‘‘Extra Test’’—and this wire is produced to the 
industry’s most severe specifications. You pay no more for these 
“extra tests’’ so be sure to specify SX. 


PACKAGING... 


Essex Extra Test Magnet Wire 
is available in Metal or Fiber 
container (MAGNA-PAK®). Dis- 
tinctive labeling assures fast, 
accurate identification. MAGNA- 
PAK® containers are palatized 
for shipment; simplyfing storage. 


ESSEX, MAGNET WIRE 


DIVISION ESSEX WIRE CORPORATION, Fort Wayne 6, Indiana 


MANUFACTURING PLANTS — Birmingham, Alabama; Anaheim, 
California; Fort Wayne, Indiana; Detroit, Michigan. 


SALES OFFICES AND WAREHOUSES* 


Fort Worth, Texas 
Hartford, Conn. 
Indianapolis, Ind, 
Kansas City, Mo. 
*Los Angeles, Calif. 
Milwaukee, Wisc. 
*Newoark, N. J. 


* Birmingham, Ala. 
*Chicago, Illinois 
Cleveland, Ohio 
Dallas, Texas 
Dayton, Ohio 
Detroit, Michigan 
Fort Wayne, Indiana 


*Portland, Oregon 
Rochester, New York 
*Saint Louis, Mo. 
*San Francisco, Calif. 
Upper Darby 
(Philadelphia), Pa. 


repair and maintenance industry through Insulation and Wires, Incorporated 
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improved types of fibrous glass; 


when you need gas-filled insulation; cellular or 


foam plastics; molded fibrous glass. 
ee . Acoustical design problems are also 
- METAL STAMPINGS analyzed and applications of fibrous 
glass described. Property charts; 


temperature analysis charts; appli- 


cations illustrations. (723) 


Numbering Systems, September 1957, 
8 pages. An easy-to-read but stimu- 
lating discussion of the concept of 
number and the basic arithmetic of 
positional numbering systems with 
any base: binary (2), ternary (3), 
quaternary (4), quinary (5), deci- 
mal (10), duodecimal (12), also 
coded decimal numbers. A needed 
background for computer and nu- 
merical control system design. 


(703) 


Minimizing Partially Developed Relay 

Tree Circuits. August 1957, 8 

pages. In a fully developed relay 

OF PHILADELPHIA tree (all possible outputs utilized) 
the number of transfer contacts is 

determined by the number of re- 


TORRESDALE AVE. AT TOLBUT ST. en of circuit arrange- 


ment. But all outputs are not 
19 e 36, PA. + DEvonsnire 2-6000 utilized, the number of transfer 
contacts can vary according to the 
way the circuit is designed. Article 


Garrett's two big plants house the most modern 
presents unique graphical method 


Stamping, Heat-Treating, Plating, Finishing and 
Welding departments. This up-to-the-minute 
equipment plus nearly a quarter-century of ex- 
perience, places Garrett in position to both fab- 
ricate and assemble small and medium metal 
parts with speed . . . with precision . . . with 


tor “mapping” circuit arrangements 
with a minimum number of transfer 
contacts. (719) 


High-Precision Electromechanical Lin- 
ear Measuring Systems, August 
quality. 1957, 16 pages. A critical evaluation 


sPRins wasnceks 


Depend on GARRETT for all small parts. 
FLAT WASHERS—Made to meet new ASA 


and SAE standards . . . available in steel, bross, 
bronze, monel, aluminum, and stainless steel... 
finished to your specifications. 


HELICAL SPRING LOCK WASHERS—with 


controlled tension for tighter assemblies. 


SPRING WASHERS—Belleville, Bevel, 3- 
Wave, 4-Wave and other Spring Washers of 
special design. 


HOSE CLAMPS—wMulti-clamp, Auto-Seal and 
Spring-Grip Hose Clamps. 


Garrett Manufacturers The World's 
Most Complete Line of Washers 


(Ce ee eee ee ee ee eee eee eeeeooees 


GEO. K. GARRETT CO. 
TORRESDALE AVE. AT TOLBUT STREET, PHILA. 36, PA. 
Pleasesend, without obligation, literature onthe following: 
© STAMPINGS () HOSE CLAMPS 


© HELICAL SPRING CO) FLAT WASHERS 
LOCK WASHERS 


© GARRETT STATISTICAL 
C] SPRING WASHERS QUALITY CONTROL 


Nome 


Title 





Company 





Address __ 





RG eicecernctincrnseereennncios Key No. EM-12 
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of accuracy, linearity, resolution 
and sources of error in position- 
measuring transducers for closed- 
loop machine-tool controls: differen- 
tial transformers and _ capacitors; 
linear potentiometers; ultrasonic 
systems; lead screws and_ rack 
systems with rotary signal pickoffs; 
optical systems; digital scales; Pratt 
& Whitney “Electrolimit;” Farrand 
“Inductosyn;” Canadian Westing- 
house “Nultrax.” (725) 


Design Procedures for Special Type 


High-Temperature Transformers, 
July and August, 1957, 20 pages. 
\ two-part presentation of step- 
by-step design procedures for high- 
temperature transformers of the 
following types: transformers with 
unbalanced d-c magnetization, cur- 
rent limiting transformers, current 
limiting transformers with unbal- 
anced magnetization and vibrator 
supply transformers. (735) 


Ceramic Permanent Magnets for Mo- 


tors, July 1957, 8 pages. Property 
data are given on barium ferrite 
materials both non-oriented and 
oriented, and design procedures 
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NEW REULAND 
FOOT-MOUNTED MAGNETIC 
BRAKE (DISC TYPE 
...COMPLETE with 
SHAFT and BEARINGS 


First and Only Disc-Type Brake to fulfill 
J. L. C. Specifications The efficient, direct-action 


operating advantages of the Reuland disc type magnetic 



















brake are now available for the first time in this self- 
contained unit. Being foot-mounted, it can easily be 
coupled to existing motor or equipment shafts in accord- 
ance with J.I.C. specifications. As a standard unit it also 
can be purchased “off the shelf” by O-E.M’s or added to 
equipment at any time by users. Available with either 


single or double end shaft. 





Also available without shaft reutana ais< 


type magnetic brakes are also supplied for applications 
where the motor or equipment shaft can be extended 
directly into the brake. These units are available in both 
foot-mounted and endbell mounting types. Together with 
the completely self-contained unit described above, these 


brakes provide low cost, compact size and efficient operat- 


Check these 
added features 


ing features that are unequaled. 


Reuland Brakes provide great versatility 


Shaft can be extended entirely through brake, when 


desired. Also, hook-ups with Reuland Fluid-Shaft motors 
e@ Automatic lining wear 


and Motoreducers permit many J.LC. and other unique 
adjustment 


power and braking combinations ...combinations that 
@ Manual release with automatic 
reset 


can be tailored to your exact drive requirements without 
huge, special development costs. 


Other Reuland Firsts 









@ Direct action — 
no levers or linkage 


. Motor with internal fluid coupling 
. Spline coupled hydraulic pump motor 
. All-aluminum motor frames 


© One-piece, totally enclosed ; 
3 
4. “Xpandable” motor design 
5 
6 
7 


housing 











@ One-half usual length — 
pleasing lines 





. Slip Ring Motors in small +66 frames 
. “Through-Shaft” magnetic disc brakes 


Cutaway view of endbell mounting type . Precision motors for machine tools 


Use these Maas Cm ee Te 


Wa eS eCard Cer le 


Pate VED ae CM Cee oe ae et * CUD ea eC 
library. Contains valuable data on hun- UCR Crem ey 


) ] f rb SS dreds of unique specially designed motors. Ne PU UCT eT ee 
S E i aay Nae ee mC Lae ae 


REULAND ELECTRIC COMPANY 


Western Division: / 
Eastern Division 


Distributors in all principal ctties 


presented for their use as pole ma- 

terials for permanent magnet d-c 

motors in a wide range of sizes. 
(731) 


Integration of Dielectric Materials, 
Processes, Components, July 1957, 
12 pages. On-the-spot staff review 
and interpretation of 1957 meeting 
of the Electric Division, Electro- 
chemical Society. Property and ap- 
plication data on fluorinated gase 


* 

Here Is Another ous dielectrics and _ metal-fiber 
paper. Summary of progress in 

NOTHELFER Special high-temperature dielectrics for 
500-C capacitors. Problems in ther- 

mal evaluation and classification of 

insulation. Statistical studies in in 

sulation life. Tables and graphs are 


included. (721) 


Using Boolean Algebra to Design 
Static Control Circuits, July 1957, 
12 pages. Staff report of Boolean 
algebra design techniques employ- 
ed by an original equipment man- 
ufacturer to translate mechanical 
sequence descriptions into machine 
control circuits of commercially 
available static logic elements. II- 
lustrated step-by-step with actual 
design work sheets detailing the 
evolution of a typical machinery 


drive control. (720) 


Relay Design Targets, June 1957, 12 
pages. Report of the 5th Electro- 
Magnetic Relay Conference held at 
Oklahoma A & M College in April 
deals with relay design, application 


I$ O L AT / O N and testing. Much of the latter has 


to do with selection of relays for 


reliable operation under extreme 
T R A N S FO R fia b be conditions of shock and vibration, 
such as encountered in missile cir- 


cuits. (717) 


; , : 5 Applications for Glass Materials and 
for 110 KV DC Test, Air Insulation for circuit Components, June 1957, 8 pages. 
Glass as an engineering material is 


isolation at 70 KV DC Working. The unit discussed in three broad classifica- 


tions: (1) structural applications; 

; : ; ; ”" (2) components; and (3) special 
illustrated is a 3KVA Capacity, and is 30 purpose materials. Properties are 
: : y summarized, applications analyzed, 

overall height. Designed for full time, con- illustrations and property data 
provided. (716) 


tinuous duty. 


Review of Environmental Test Equip- 
ment, May 1957, 8 pages. Points to 
consider in selecting environmental 
test equipment. Manufacturers of 
environmental test equipment and 
their products are listed for ready 


reference. (718) 


Send for further 


Information 


JIC Electrical Standards for Industrial 

Equipment, June 1957, 24 pages. 

Revised specifications for the appli- 

cation of electrical apparatus to 

W | N D | N G LA a 0 RAT 0 R | Eb S$ ’ | N C e welders and other industrial equip- 
ment, as adopted by the Joint In- 


P. O. Box 445, Dept. 102, TRENTON, N. J. dustry Conference held in Detroit 
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“Anaconda Aluminum is the best metal we've found!” 
Lake Park Metal Stamping, Inc., Youngstown, Ohio 


“Anaconda Aluminum gives us the best forming for our 
piano hinges and is consistent, shipment after ship- 
ment,” says Mr. James Cain, president of Lake Park 
Metal Stamping, Inc., hardware manufacturer. 


Available for prompt shipment to all points in the U.S. 

Anaconda Aluminum Coiled Sheet in gages from 0.006” to 
0.064” and in widths up to 28”; coils up to 100 pounds per 
inch of width, in alloys: 1100, 3003, 3004, 5005, 5050, 5052. 


“But even more important is the service,” he adds. 
“We are extremely pleased with the prompt handling 
and delivery of our orders.” 

For piano hinges shown above, Lake Park uses Ana- 
conda Aluminum Alloy 5050-H36, 1144” wide by .050” 
gage, in coils of 16”-18" ID and 36”-46” OD. 


HIGH QUALITY AND PROMPT SERVICE 
With the most modern equipment for rolling, anneal- 
ing, and slitting—embodving the latest refinements in 
control the Torrington Division of The American 
Brass Company is in a position to offer extraordinarily 
good service in high-quality aluminum coiled sheet. 
AT YOUR FINGERTIPS 

American Brass Company sales offices are located in 
principal cities from coast to coast. Or contact The 
American Brass Company, Torrington, Conn. Tele- 
phone HUnter 9-3161. 


ANACONDA 


ALUMINUM COILED SHEET 
Made by The American Brass Company 
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CRO-BEARIN 
ABSTRACTS 


by A. N. DANIELS, President 
New Hampshire Ball Bearings, Inc. 


MEASUREMENT OF RADIAL RUNOUT 


r 


10 


— 
| ag | 
- 


Fig. | — Measuring eccentricity of Fig. 2 — Inner raceway is out-of- 
bore with respect to inner raceway. round, although concentric with bore. 


Occasionally questions are raised rotated through one revolution. Sim- 
about the methods of measuring “ra- ilarly, the eccentricity of the outer 
dial runout” and ‘“out-of-round”. In ring is measured by the difference in 
order to define “radial runout” prop- the dial readings with the arbor and 
erly, a discussion of “eccentricity” and inner ring held stationary while the 
“out-of-round” is necessary. outer ring is rotated one revolution. 
The amount of out-of-round, or lack Fig. 1 shows the set-up with an inner 
of roundness of a given part (inner 01 raceway which is eccentric with re- 
outer ring or ball) is the difference spect to the bore. 
between the maximum and the min- 
imum diameter of the part in question. 
Eccentricity refers to the distance 


In the case above it has been stip- 
ulated that the bore and inner raceway 
must not be out-of-round, for only 
under these conditions is the true ec- 
centricity measured. 


between the centers of two circles. 
Concent icity refers to the exact coin 
cidence of the centers of two or more 
circles. In high grade instrument bear- 
ings there is a very small tolerance on 
the permissible eccentricity between 
the bore and the inner ring raceway, 
and likewise between the outside diam- 


If the raceway is out-of-round, while 
being either eccentric or concentric 
with respect to the bore, the out-of- 
round will be transmitted to the indi- 
cator, thereby influencing the reading. 
A condition in which the inner race- 
way is out-of-round although concen- 
tric is shown in Fig. 2. 


eter and the outer ring raceway. 
Inner raceway out-of-round is meas- 
ired by forcing the ring between the 
rounded edges of two dises, one of In view of the fact that the majority 
which is fixed and the other of which of bearing rings will unavoidably be 
is mounted on the indicating mechan- somewhat out-of-round and eccentric, 
ism. The difference between the max- however slightly, it is obvious that the 
imum and minimum readings reveals measurement described above indi- 
the amount of out-of-round. Out-of- cates neither true eccentricity nor true 
round of the outer ring raceway is out-of-round but a summation of the 
measured by placing the ring over two quantities. Hence, the measure- 
two rounded points which engage the ment is more correctly termed radi- 
raceway. One point is fixed and the al runout. 
other actuates an indicating mechan- 
ism. As the ring is rotated, the dif- DESIGN HANDBOOK OFFERED FREE 
ference between the maximum and If you work with miniature bearings, 
minimum readings indicates the de- you'll find this new, 70-page author- 
gree of out-of-round. itative publication contains a further 
The true amount of eccentricity be- discussion of radial runout and is a 
tween the bore and the inner ring race- great help in solving problems in 
way can be measured, providing these designing instruments ? 
circles are not out-of-round, by mount- or small electro-me- 


ing the assembled bearing ona slightly chanical assemblies. 
tapered arbor, applying a calibrated It will be sent free Ss 
indicator on the center of the station- to engineers, draftsmen 


ary outer ring, and then slowly rotat- and purchasing agents. 

ing the arbor. The eccentricity is the Write to: New Hamp- 
difference between the minimum and shire Ball Bearings, Inc., ad 
maximum gage reading as the arbor is Peterborough 1, N.H. 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
District Offices: Pasadena, Calif.; Park Ridge, IIl.; and Great Neck, N. Y. 
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March 1957. Single reprints, no 
charge. Multiple quantities obtain 
able at the following prices: 5 
$3.75; 10—$6.00; 25—$12.50; 50- 
$20.00; 100—$30.00. Send check 
with order payable to The Gage 
Publishing Company, 1250 Sixth 
Ave., New York 20, New York. 
(724) 


Considerations in Testing Thermistors. 
May 1957, 8 pages. Proper meas 
urement techniques for design and 
acceptance testing of thermistors. 
Methods are described for deter 
mining resistance, voltage, time 
delay, and _ temperature-resistance 
slope. (715) 


Temperature Rise in Servo Motors, 
April 1957, 12 pages. Data and 
methods for calculating heat losses 
in small servo motors, temperature 
rise specifications, and a discussion 
of basic heat transfer laws. Ex- 
amples worked out. Tables of 


thermal conductivity and heat trans 
mission included. (734) 


Characteristics of Metal-Clad Lami- 
nates, April 1957, 8 pages. Results 
of a Navy-sponsored National Bu 
reau of Standards investigation 
dealing with the following major 
characteristics of metal-clad lami 
nates used in printed-circuit design 
Current-carrying capacity; surface 
and volume resistivities of coated 
units; dielectric constant and dis- 
sipation factor under various tem- 
peratures and frequencies. Typical 
test data are charted including a 
special design guide showing basic 
relationship of current to temper- 
ature rise for various cross-sectional 
areas of copper. Metal-clad lami 
nates investigated include glass 
mat-epoxy; paper-base phenolics; 
glass-mat Teflon;  silicone-glass; 
melamine-glass; and nylon-base 


phenolic. (726) 


Preferred Circuits, March 1957, 20 
pages. A two-part staff report on 
the program sponsored by Navy 
BuAer and undertaken by the 
National Bureau of Standards to 
evolve reliable circuits tor common 
functions in Navy aeronautical 
equipment. These preferred circuits 
are designed to replace the many 
existing configurations to effect sav- 
ings in design time, maintenance. 
training, and stocking. Circuits de 
scribed include regulated power 
supplies, a blocking oscillator, a 
pulse cathode follower, and phan 


tastron delays. (730) 
Timed Acceleration of D-C Motors, 
March 1957, 12 pages. Three elec 
tronic control circuits for program- 
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Allen-Bradley Lin 


CONTROL 


of MOTOR 


Ke 


RELAYS AND 


La 


Bulletin 202 Contactor, 
Size 2, 1 Pole. Rated: 50 
amp, 115-230 v. 


Bulletin 200, Type G Relay. 
Rated: 5 amp, 64 v; 2 amp, 
125 v; 0.5 amp, 250 v. 


D.C. relays are made with up to 8 poles. Also universal types, having 
contacts changeable from N.O. to N.C.—or vice versa—by merely 
reconnecting the terminals. Up to and including the 150 ampere rating, 
D.C. contactors are of the solenoid type; beyond this rating, up to 
and including 600 amperes, the clapper type construction is used. 


ACROSS-THE-LINE STARTERS 


Bulletin 600, Form 52, 
double pole only, open 
type. Max rating: % hp, 
115-230 v. 


Bulletin 209, Form 2. Max 
rating: 1Y%2 hp, 115 v; 2 
hp, 230 v. 


D.C. manual starters have a rugged, snap action mechanism that pre- 
vents contact ‘teasing’ and thus prolongs contact life. D.C. manual 
and solenoid starters have maintenance free, double break, silver alloy 
contacts. Motor overload protection is reliable. 


Bulletin 700, Type C. 


Bulletin 702, Size 2, 3 Pole. 
Rated: 10 amp, 550 v max, 


Rated: 50 amp, 550 v max. 


A.C. relays are made in different types for various applications, with 
up to 8 poles. The universal type, having contacts changeable from 
N.O. to N.C.—or vice versa—is very popular. The A.C. solenoid con- 
tactors, made in 9 ratings up to 900 amp, 550 v max., will satisfy 
any service requirement. Silver alloy contacts are used throughout 
the D.C.-A.C. solenoid relay and contactor lines. 


Bulletin 600 in general 
purpose enclosure, com- 
plete with reliable over- 
load breaker. Rated: 1 
hp, 110-220 v. 


Bulletin 709, Size 1. Rated: 
72 hp, 220 v; 10 hp, 
440-550 v. Same general 
construction for max rat- 
ings of 300 hp, 220 v; 600 
hp, 440-550 v. 


All Allen-Bradley A.C. motor control is equipped with silver alloy con- 
tacts which are always in good operating condition. Because all A-B 
solenoid starters have only one moving part, trouble free performance 
and long life are automatically assured. It is the basic reason for Allen- 


Bradley's ‘quality’ reputation. -_— 


a Ty, 
4 





Allen-Bradley moor CONTROL 


BULLETIN 267 are time limit, resistor type starters for 
automatic acceleration of constant speed shunt and compound 
wound D.C. motors. Solenoid contactors used up to and including 
Size 4 ratings. Max ratings: 75 hp, 115 v; 150 hp, 230 v. 


BU LLETI N 7 4Ocre graphite resistor type starters for auto- 
matic acceleration of squirrel cage A.C. motors. Made with | or 2 


points of acceleration. Can provide velvet smooth acceleration for 
squirrel cage motors. Max ratings: 200 hp, 220-440-550 v. 


, 


BULLETIN 268 are time limit resistor type starters for 


automatic acceleration of adjustable speed shunt and compound 
wound D.C. motors. Designed for heavy duty service. Both Bulletin 
267 and 268 starters available with or without dynamic braking 
feature, and also for reversing service. Max ratings: 75 hp, 115 v; 
150 hp, 230 v. 


BULLETIN 983 high tension starter illustrated above is 


of the reactor type, intended for starting synchronous motors. Avail- 
able as an autotransformer reduced voltage starter; also in the 
across-the-line construction. The heavy duty, solenoid air break con- 
tactor assures long, trouble free life. Max ratings: 1500 hp, 2300 v; 
2500 hp, 4600 v. at 0.8 P.F. 


The Allen-Bradley quality line is not limited to alternat- 
ing current motor control. A companion line of direct 
current motor control is available with the same out- 
standing quality . . . the same reliability . . . the same 
ability to “take it." Both lines are described and listed 
in our latest A-B Handy Catalog, and our trained field 
engineers will also be glad to help you with your con- 
trol problems. 


You cannot make a mistake when you insist on Allen- Allen-Bradley Co. 


Bradley control. 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


13-57-MR 








ming linear acceleration and decele- 
ration of integral-hp d-c motors in 
closed-loop drive systems: (1) for 
linear acceleration during startup 
only; (2) for linear acceleration and 
deceleration at same rate during 
starting, stopping and speed chang- 
ing; and (3) for linear acceleration 
and deceleration at independent 
rates during starting, stopping and 


speed changing. (713) 


Signal Pickoffs for Control Systems, 
March 1957, 16 pages. Two-part 
article dealing with basic theory of 
operation of six major types suitable 
for furnishing input and feedback 
signals for controls operations, in- 
cluding resistance, electrolytic, ca- 
pacitive, piezoelectric inductive and 
photoelectric types. (714) 


Multiple Reprints 


Multiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y. 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. An annotated bibliog- 
raphy of articles in electrical insula- 
tion and dielectrics is included. 


$2.00 


Human Engineering in Equipment 
Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 
systems, special-purpose instrumen- 
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another 
wonderful 





GRC’s UNIQUE AUTOMATIC 
METHODS INSERT THREADED 


PIECES, WIRES, even CONTINUO 


ELEMENTS, RIGHT IN THE 
MOLDING OR CASTING CYCLE 


Fast . . . economical, GRC's exclusive automatic machines 

insert elements in zinc alloy die castings . . . in thermo- 

plastic moldings, assure uniformity, eliminate assembly . . . 

make possible entirely new designs .. . cut labor and costs. 

Write for bulletins, send prints for quotation. 

No size is too small! Maximums: Zinc Alloy 112”, ' 02. 
Plastic 114”, .03 o2. 


GRIES REPRODUCER CORP. 


World's Foremost Producer of Small Die Castings 


149 Beechwood Ave., New Rochelle, N. Y. * NEw Rochelle 3-8600 BR) [7 
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THE MOSELEY 


AUTOGRAF 


X-Y RECORDER 


A pioneer in its field, the Moseley AUTOGRAF X-Y Recorder is being adapted to 
an ever increasing number of graphic recording and data translating problems. 
Carefully manufactured to precision standards, the AUTOGRAF is available in five 
models to fit your particular requirement. 

In addition to curve drawing, a full complement of accessories facilitate use 
of the AUTOGRAF in point plotting, curve following, card and tape reading, and 
gain-frequency plotting. 








Model 4 rack type Model 5 rack type 
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| Write for 

| complete information: 
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| 





| F.L. MOSELEY Co. 


409 NO. FAIR OAKS AVENUE 
| PASADENA, CALIFORNIA 
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CLASS H 
SHIELDED & JACKETED MINIATURE CABLES 


MilL=-W -16878 


TW/TX-24-1936 STJ fused Teflon tape 

or extruded Teflon insulated stranded 

lver-plated copper conductor, braided 

r-plated copper shield - 
ape jacket over-all. 


TW/TX-24-1936 SGS fused Teflon tape 
or extruded Teflon insulated stranded 
silver-plated copper conductor, braided 
silver-plated copper shield, with braided 
fiber glass Silicone impregnated cover- 
ing over-all. 


TW/TX-24-1 
or extrude 


_ 
4 
u 
silver-plated 
4 
U 
‘ 
i 


fused 


36 SGT fused Teflon tap 

Teflon insulated stranded 

copper conductor, braided 
silver-plated copper shield, with Teflon 
r gla 


ber 


ass braid over-all. 


=——+ 


CLASS A 
SHIELDED & JACKETED MINIATURE CABLES 


MilL=-W -16878 


TW/TX-30-738 SV fused Teflon tape or 
extruded Teflon insulated stranded sil- 
ver-plated copper conductor, braided tin- 
coated copper shield with extruded 
Vinyl jacket over-all. 


TW/TX-30-738 SN fused Teflon tape or 
extruded Teflon insulated stranded sil- 
ver-plated copper conductor, braided tin- 
coated with extruded 
Nylon jacket over-all. 
TW/TX-30-738 SNN fus 
extruded Teflon insulated 
ductor, braided tin- 
shield with Nylon fiber 


acquered jacket over-all. 


copper shield 


d Teflon tape or 
stranded sil- 


t in airc am and missiles requires a wide 


HITEMP 


1200 SHAMES DRIVE, 
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WESTBURY, 


. quality conductors 


custom-designed, 


local 


WIRES INC. 


NEW YORK 


tations, and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. Tables of 
human engineering “do’s and 
don’ts” and other practical design 
aids are provided. Several articles 
give detailed bibliographies. 
$2.50 
Servo Series, 48 pages. A collection of 
five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 
nism design. The series is intended 
for the non-servo engineer and 
avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 
sign and analyze a simple servo. 
Coverage includes how and why 
servos work; servo terms and spec- 
ifications; selection of components; 
linear and non-linear servo design; 
linear analysis; impact-momentum 
analysis; and tne phase-plane meth- 
od of servo analysis. $1.50 


Multiple Reprints 

at Quantity Prices 
Since handling expenses are a signi- 
ficant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 

lowing prices per copy apply: 
Quantity 
Title 5 25 
Casting Resins 1.50 
Human 2.00 


Servo Series La io 


B 
Engineering 2S 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20. N. Y. 


A short-cut to 
RESEARCH! 


@ Hundreds of design 
have provided 
copies of the 


ELECTRICAL MANUFACTURING 
5-YEAR ANNOTATED 
EDITORIAL INDEX 


Ihe 60-page book lists by 
classification—with succinct 
feature article and major “Design Trends”’ 
Short article published in ELecTRicaL MANt 
FACTURING during the 5-year period, 1951-1955 
\ companion booklet lists all 1956 articles 

The cumulative annotations provide valuable 
time-saving reference source, both to recent and 
earlier literature The indexed articles deal 
authoritatively with all types of materials, com- 
ponents, systems and techniques which have 
special application in the engineering desigr 
and development of electrically operated prod- 
ucts 

The Index is printed on white coated paper 
and is wire-stitched to hardy file size, 8142” x 


and research en 
themselves with 


ineers 


personal file 


functional subject 
annotations—every 


Per copy price is $2.00 on orders accom- 
panied by remittance (add 3 per cent sales 
tax for New York City delivery). Please make 
remittance payable to The Gage Publishing 
Company, 1250 Sixth Avenue, New York 20 
m-% 
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SILENCE 
SEALED 


“Whe. Host Silerd rolling Corvtacd bearmg in the worl of Today 


Svanv Roclstetnsit EVERY USE 


Ball Be arings 

Cylindrical Roller Bearings 
Spherical Roller Bearings 
Tapered Roller Bearings (“Tyson ) 


Veneg. U.S. Pat. OF, U.S. Pat. Of. 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
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Wind 
all 
bobbins 


just 
one 
machine 


BOESCH BOBBIN WINDER 
MODEL BW 
This dynamic little machine is 
adaptable for nearly every ran- 
dom-wound or precision-inter- 
leafed winding job. Variable speed 
mounts to 8000 turns per minute. 
coil sizes include from 14.” to 5” 
lone and to 5” OD in #17 through 
#50 wire. Cost is moderate. Oper- 
ation is automatic. And just one 
operator can tend 4 machines 
placed side-by-side without leaving 
her seat. Model BW was designed 
solely to fulfill your needs and 
specifications to produce the 
most versatile. capable bobbin 


winder possible. 


For complete information on 
Boesch BW write for Catalog 


57A today. 


BOESCH MANUFACTURING 
COMPANY, INCORPORATED 
DANBURY, CONNECTICUT 
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Men in Industry 


Dr. George H. Brown, nationally 
known engineer, has been appointed 
chief engineer, Industrial Electronic 
Products, Radio Corporation of Amer- 
ica. 

Since last January, Dr. Brown has 


served as chief engineer of the former 


DR. GEORGE H. BROWN 


RCA Commercial Electronic Products 
unit, which has been incorporated in 
the new organization. In his new ca- 
pacity, he will have engineering re- 
sponsibility for all RCA 
equipment and 


industrial 
systems, including 
broadcast, communications, and indus- 
trial electronic equipment, and com- 
puter, telecommunication, and industrial 
control systems. 

Dr. Brown. a 23-year veteran of 
RCA engineering activities, has made 
major contributions to radio and tele- 
vision broadcast communications, par- 
ticularly in the fields of antenna 


design and u-h-f transmission. 


Dr. J. R. Madigan, Ph.D.. has been 
promoted to the position of chief en 
vineer by the Hoffman Semiconductor 
Division of Hoffman Electronics Corp 

Dr. Madigan was Director of the 
Solid State Physics Laboratories of the 
Illinois Institute of Technology. where 
he also earned his Ph.D. degree. before 
joining Hoffman Semiconductor Divi- 


sion 


Francis T. Greenup has been ap- 
pointed chief product engineer for Con- 
solidated Electrodynamics Corp. Mr 
Greenup succeeds Armand F. DuFresne, 
recently named chief engineer of the 
company s new analytical and control 
instruments division. 

Mr. Greenup spent four years with 
Vitro Corp. of America, Washington. 
D. C.. where he headed a_ technical 


staff engaged in naval ordnance work. 


Dr. R. J. Creagan has been named to 
head the nuclear program of the 
Bendix Aviation Corp. While at the 
Bettis plant of Westinghouse Electric 
Corp., Dr. Creagan worked on the 
development of the reactor for the 
Nautilus. He headed the original plan- 
ning and design group responsible for 
the development of the first nuclear- 
powered unit for installation in an air- 
craft carrier. 


Machines 
Corp. has appointed Robert P. Crago as 
director of engineering for the com- 


International Business 


pany’s military products division. He 
is a graduate of Carnegie Institute of 
Technology and holds a master’s de- 
gree in electrical engineering from 
California Institute of Technology. 


George G. Hoberg has been appointed 
to the newly-created post of manager, 
special data-processing equipment engi- 
neering for RCA. 

Mr. Hoberg, 


director of engineering for the Bur 


formerly associate 
roughs Corp., will be responsible for 
the engineering of specialized elec- 
tronic data-processing equipment apart 
from RCA’s systems. He 
joins RCA after eight years in the 
data-processing field with Burroughs. 


“Bizmac” 


Don P. Caverly, formerly with Syl- 
vania Electric Products, Inc., has been 
appointed director of engineering and 
development of Harvey Hubbell, Inc.., 
manufacturers — of wiring 
Bridgeport, Conn. Mr. 


devices. 


Caverly will 


DON P. CAVERLY 


direct all engineering and product de 
velopment activities. 

Mr. Caverly had been associated with 
Sylvania for the past twenty years, 
where most recently he held the posi- 


tion of manager, national accounts en- 
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HERE POWER CONTROL COUNTS MOST... 


...you'll find 


When perfect power control is essential, 

engineers specify Janette gear motors, 

speed reducers, and variable speed con- 

trol drives, because they are integral 

units—motor and gears are designed for each other— 
then built by one company to assure perfect reliability, 
extra long, trouble-free life. 


Regardless of the product, Janette has the right speed 
at the right power for your particular application from 
1/150 to 72 horsepower, in a wide variety of models 
and in any mounting position. And when your problem 
demands original research and custom design, you 
can draw on the nearly 50 years of Janette engineer- 
ing experience and know-how. 


For additional information you are invited 
to write for bulletin 5-105 E-7 


anette ELECTRIC MFG. CO. 


MORTON GROVE, ILLINOIS 


REPRESENTATIVES AND DISTRIBUTORS 
IN ALL PRINCIPAL CITIES 





gineering. Nationally recognized as an 

5 author and lecturer, he is, perhaps, 

Ae atta Ty ES best known for his engineering work 
in incandescent and fluorescent light- 


aL CRM ing. 


Weed on Two nationally known authorities in 


the fields of rockets and guided mis- 
a 7 a siles, Frank G. Denison and John Dill 
zin¢ die castings! McKenney, have been appointed to key 
engineering positions with Clary Dy- 
namics. the aircraft and automatic 
No electroplating--no controls division of Clary Corp., San 
: * 2 as 5 Gabriel, Calif. 

mechanical finishing! Both Denison and McKenney have 
been associated with the Jet Propulsion 
Laboratory of California Institute of 
Technology. Denison since 1943 and 

McKenney since 1948. 


E. L. Bragdon has been appointed to 
; the newly created position of Trade 
PART AS CAST 4 News Editor for the Radio Corporation 
: of America. 
eS As Trade News Editor, Mr. Bragdon 
sete en will be responsible for handling rela- 
NEW TREATED WITH NEW IRIDITE tions between trade and technical pub- 


lications and RCA 


e e i . ) ol ed ¢ ie 
CEAUDTETD (cast-zinc-Brite) Ree pete tert repent 


electronics engineer 
Corporation’s Technical Products Di- 
vision. 


brightens zine die castings by chemical 


lishi ; : - A veteran of 20 years in the electrical 
polishing, protects against corrosion and electronic fields. Mr. Gilman was 


: formerly special assistant to the vice 
NOW, FOR THE FIRST TIME you can get a brilliant, decorative finish 


directly on zinc die-cast parts . . . without mechanical finishing, with- 
out electroplating! The luster is provided by the chemical polishing 
action of new Iridite (Cast-Zinc-Brite) solution. Even surface blem- 
ishes, such as cold shuts, are brightened by this new process. No 


president of engineering of Consolli- 
dated Electrodynamics Corp.. Pasa- 
dena. 


: E ; : 3 2 ; Two new vice-presidents have been 
electrolysis. No special equipment. No specially trained personnel. elected by Raytheon Manufacturing 
Co. The othe ers are David D. Coffin, 
manager of the missile systems. di- 
CORROSION RESISTANCE, TOO! New Iridite (Cast-Zinc-Brite) provides vision: and Dr. Thomas H. Johnson, 
exceptional corrosion resistance for bright-type chromate finishes . . . manager of the research division. 

also guards against blueing or darkening by eliminating zinc plate Mr. Coffin, who joined Raytheon in 
formerly required in bright chromate finishing of zine die castings. 1934. was named manager of the 


Just a simple chemical dip for a few seconds and the job is done. 
And, this new Iridite has been tested and proved in production. 


ae. Se aca ; 95 
AS A BASE FOR ELECTROPLATING—Lower mechanical finishing costs are a ile , tems division in : rt. - 
possible where plated finishes are required since the brightness pro- Hi: nse ; pci i ar yi ” 
vided by this new Iridite may be sufficient. arvard, he previously conducted spe- 


cial studies in Germany for the General 
LET US SHOW YOU what Iridite (Cast-Zinc-Brite) can do for you. Send us at Electric Co. 


least a half-dozen typical zinc die-cast parts for FREE PROCESSING for your RCA. 
own tests and evaluation. Or, for immediate information, call in your Iridite Dr. Johnson joined Raytheon on 
Field Engineer. He's listed under "Plating Supplies” in your classified ‘phone October 1 


He was also employed by 


after six years as director 


s 
ee 
e 
a 
e 
e 
e 
* 
e 
e 
e 
e 
e 
e 
o 
* 
® 
* 
e 
@ 
e 
e 
© 
e 
e 
e 
* 
e 
« 
e 
e 
+ 
® 


book. IMPORTANT: when you give us samples for test processing, please be of the 


Atomic Energy Commission’s 
sure to identify the aHoy used. 


research program in_ the — physical 
sciences. He also served as chairman of 
the physics department at the Brook- 
haven National Laboratory from 1947 
to 1951. 


Atlantic Research Corporation, Alex- 
andria, Va.. has appointed William A. 
Aus Restarcu Prooucts > Ca PI ea 
pes rt a ig es rews to the staff as head of the elec- 
Te ee el lc bea ae et lee) tronic group of the electromechanical 
division. The electromechanical division 
is engaged in developing small ampli- 
fiers. ocean swell recorders, and vibra- 
tion testing equipment. 


Circle 298 on page 17 ELECTRICAL MANUFACTURING 



















Mico Tubing, 
Class H and C 


Capacitor Grade Insulation 
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MICA INSULATOR COMPANY 


Schenectady 1, New York 
A Subsidiary of Minnesota Mining & Manufacturing Co 


DECEMBER 1957 


What every designer should know about... 


High Temperature Electrical Inculation 


Now, for the first time, information on all Mico High Temperature Electrical 
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Mico Rigid Insulation, Insulation for Class H and Class C applications has been gathered together in Mica’s 
Class H and C new HiGH TEMPERATURE INSULATION HANpsook. It is available on request. 
Mico Flexible Insulation, Here, for your ready reference, you'll find facts about molding plate, segment 
Class H plate, heater plate, flexible plate, rigid laminates, flexible sheet laminates, 


laminated tapes, coated glass cloth and tapes, tubing, capacitor grade insulation 
and information on fabrication. 


Insulation characteristics, performance data, application suggestions and complete 
tabulation of IsomMICA®, MICANITE®, SAMICA®, LAMICOID®, and Empire® Products 
Fabrication for high-temperature application are included to help you improve performance and 
reduce cost of your equipment. 


JUST CLIP COUPON for your free copy of this new catalog... 


Please send me a free copy of ““Mico HIGH TEMPERATURE 
ELECTRICAL INSULATION.” 


COMPANY 
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Electronic Research Associates, Inc., 
formerly located in Nutley, N. J., has 
acquired new and enlarged facilities 
located at 67 Factory Pl., Cedar Grove, 
N. J. The plant will accommodate in- 
creased production, engineering, and 
processing facilities for the company’s 
line of semiconductor and transistorized 
converters, power pat ks, transistor test 
equipment, and transistorized appara- 


tus. 
















Scientific and mathe 


matical analysis service for business 


computation 


and industrial organizations is now be- 
ing offered by The Ramo-Wooldridge 
Corp., Los Angeles, Calif., with estab- 
lishment of a Computation Consulting 
and Service Bureau. The Bureau will 
be operated as a part of the company’s 
Digital Computing Center. 



























Construction is expected to begin 
shortly on a new Lebanon, N. H., plant 

7 ANY . for the Split Ballbearing Division of 
at m ju rH a | t Miniature Precision Bearings, Inc. The 
plant will more than triple the floor 
space of the present Split Ballbearing 






facility and is expected to double the 


* workforce of 75 employees. 
it’s HAYD 
eee if S Helipot Division of Beckman Instru- 


ments, Inc., dedicated its new $3,000,000 
' , . facility in Newport Beach, Calif., last 
for timing devices re ek 


> . ‘ , houses manufacturing and administra- 
If you’re looking for a complete product line that includes 


Timing Devices for every application requirement and, 
in addition, features the highest quality and most 


tive functions for the production of 
Beckman Helipot’s principal product. 


advanced design at the lowest possible cost, HAYDON the helical potentiometer. 
has it! And all Haydon timing devices incorporate the 
famous Haydon hysteresis and/or inductor timing motors George Rattray & Co., Inc., Richmond 
available for 50, 60, and 400 cycle and DC power supplies. Hill. N. Y.. manufacturer of precision 
If you’re looking for a complete service to meet all your potentiometers, has become a wholly 
timing needs, HAY DON offers fully integrated engineering owned division of Hardwick, Hindle, 
and manufacturing facilities ready to take your timing Inc., of Newark, N. J. 


projects right through from design and development 
to finished product! 


And if you’re looking for a complete Field Engineering 
Service to make all these facilities conveniently available, 
you'll find there’s a HAYDON Timing Specialist in 

your area, a man fully qualified by training and experience a The 
to help fill your Timing Device needs. Why not sien him fundamental resear h program. : he 
today and make an appointment to discuss your requirements? manufacturing unit will be located at 
; Du Pont’s Washington Works on the 
West Virginia shore of the Ohio River. 


E. 1. Du Pont & Co., Inc., will con 
struct a large-scale plant to manufac- 
ture “Delrin” acetal resin, a new plas 
tic material developed under Du Pont’s 





*Trademark Reg. U.S. Patent Office 


HAYDON 


AT TORRINGTON 


Systron Corp., Concord. Calif.. has pur- 
A SUBSIDIARY OF GENERAL TIME CORPORATION chased a 12% acre site fronting on 


Galindo St., and made plans for late 


HAYDON Manufacturing Company, Inc. spring construction of a new plant to 


house the company. The preliminary 


2536 ELM STREET, TORRINGTON, CONN. building. to be constructed at an esti- 


















HEADQUARTERS FOR 


TIMING 
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Most important, these new valves will give you 


performance and applications that heretofore have 
not been possible ! 


X 


Look to Lhinntr in 58 
for NEW answers to your control “puzzles” 


Coming soon — several completely new solenoid 
valve lines loaded with such features as... 
@ Lower prices 

Greater capacities @ Higher pressures 


& 

@ Long life expectancy—millions of cycles 
@ Diversified applications 
® 


Wide selection of media handling 


And these are but a few of the many new advantages 
of Skinner’s new solenoid valves. As always, of 
course, they'll be strictly manufactured to Skinner’s 
highest-quality engineering standards. 


Look for the announcements of Skinner’s new 
valve lines in these pages throughout 1958. For 
advance information, write Dept. 38D 


» 


ELECTRIC VALVE 
DIVISION "zea" 


BS 





TLE 


Thera 


in component 
packaging... 


FEATURING: 
@ Automatic clip assembly 
@ Automatic connector cutting 
@ Automatic component soldering 


RESULTS: 
@ Lower production costs 


@ Higher reliability in solder connections 
@ Easier servicing 


ERIE supplies the customers’ complete component pack- 
age: electronic components, molded plastic parts, metal 
stampings, and embossed wiring boards available from 
various ERIE divisions; as well as other components pur- 
chased from other manufacturers. 


For more complete information regarding the ERIE 3976 Strip Package, 
and its practical application in the solution of your individual problems, 


write to Engineering Department, Electro-Mechanical Division, Erie 
Resistor Corporation 


mite eee eae 


ERIE RESISTOR CORPORATION 
Main Offices: ERIE, PA. 


Factories: ERIE, PA. © HAWTHORNE, CALIF. 
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mated cost of $150,000 will be a one- 
story, modern plant. Heading the or- 
ganization with George H. Burns, Jr. 
will be Norman Perlmutter. vice-presi- 
dent and chief engineer. 


American Machine and Metals, Inc., 
has purchased the name and additional 
assets of Rahm Instruments, Inc., and 
has leased on a long-term basis the 
company’s plant and equipment at 
Westbury. N.Y. Rahm is an engineer- 
ing organization which designs. devel- 
ops and fabricates intricate electro- 
mechanical instruments for aireraft 
and missile application. 


Hitemp Wires, Inc., Westbury. L. I... 
N. Y., has acquired the Union Plastics 
Corp. of New Jersey. fabricator of 
vinyl-coated wires and cables for the 
electronics and electrical industries. 
The acquisition will add a complete 
line of vinvl-coated wires and cables to 
Hitemp’s specialized high-temperature 
insulations. 


Hess, Goldsmith & Co., Inc., a mem- 
ber company of Burlington Industries, 
has acquired machinery and equipment 
of the Wissahickon Asbestos Co., Am- 
bler. Pa.. manufacturer of fiber glass 
tape. 


Plans for the United States Rubber 
Co. to spend a minimum of 120 million 
dollars on research and development 
over the next five years were revealed 
last month on the eve of the dedication 
of the company’s new research center 
in Wayne. N.J. This spending for re- 
search and development is part of a 
five-year program of expanded effort at 
the research center and at the com- 


pany’s laboratories at 22 locations. 


\ group of the country’s leading 
scientists and engineers. responsible for 
many of the outstanding electronic com- 
puter developments. have formed the 
Auerbach Electronics Corp., with head- 
quarters in Narberth. Pa.. a suburb of 
Philadelphia. Heading the firm is Isaac 
L. Auerbach. until recently director of 
the Special Products Div.. of the Bur- 
roughs Corp. The company will special- 
ize in the application of data processing 
techniques in the fields of automation, 
industrial process control. telemetering, 
automatic test equipment. digital com- 
munications and numerical machine 
tool control 


ESC Corp., Palisades Park. N.J.. has 
opened its new Electronic Components 
Div. This division will be devoted to 
the development and manufacture of 
specialty transformers and associated 
electronic components. Mr. John F. 
Nielsen, formerly manager of the trans- 
former department of Allan B. Du Mont 


Laboratories. will head the division. 
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CLOSEST TOLERANCES! 


You get insulating parts as accurate and as uniform as men and 
machines can make them, when you specify Macallen Mica. 
More than sixty years of Mica specialization is your guarantee. 
The result? Assembly speed that cuts your costs! 


SEND FOR CATALOG! 


It covers the most complete line of mica insulating products 
available from a single source. 


THE MACALLEN COMPANY 


BAY ROAD, NEWMARKET, N. H. 
565 W. Washington Blvd., Chicago 6, Ill. 
1231 Superior Ave., Cleveland 14, Ohio 


Me, Lt 
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Rugged XY* 
Tey TCH 


for your selecting 
and control operations 


This direct-drive impulse-controlled 
stepping switch (reset type) is de- 
signed to perform control and select- 
ing functions in industrial and com 
munication applications. 

The lightweight Deca Switch of 
fers exceptional reliability and com- 
pact ruggedness, plus these added 
features: 
® positive stepping action with spe 

cial locking device to eliminate 

bounce of wipers and off-normal 
contacts when the switch returns 
to the home position; 

4 banks of 11 contacts each; 

@ such time-proven XY advantages 
as dust-free vertical wire banks, 
bifurcated wipers, dependable re- 
lease magnet mechanism, and 

long-wearing, case-hardened 
working parts with Parco-Lubrite 
rust-resistant, oil-retaining finish; 

e@ fast operate and release time 
You can order XY Deca Switches 

in a wide variety of off normal and 

release magnet spring combinations 
to suit your specific requirements 

Compact and light, the switches are 

434” long, 4” wide, 114” high and 

weigh 2014 ounces. 

Complete technical details are 
contained in Bulletin T-5001, avail- 
able on request 


sc 
<P 


. tab = 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


TELECOMMUNICATION INDUSTRIAL SALES 
117 CARLSON ROAD, ROCHESTER 3, N. Y 
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Association Activities 


New Organization Formed: 
Electrical Insulating Materials Association. 


\ new organization named the Elec- 
trical Insulating Materials Association 
has been proposed for the purpose of 
spreading practical information about 
the properties and uses of electrical 
insulating materials and to provide a 
means of expanded communications in 
the electrical and electronic industries 
on the application of these materials. 

The organization, as proposed, will 
be independent of any other existing 
technical society or trade association 
and is not intended to conflict with 
their objectives. Membership would not 
be limited: the requirements for mem- 
bership are that a company or individ- 
ual be actively engaged in the develop- 
ment, manufacture or use of basic 
electrical insulating 
trical or electronic 


materials. elec- 
equipment. Mem- 
bership is to be further extended to 
engineering and research personnel 
associated with the electrical industry, 
universities, and government agencies. 
H. H. Chapman of Owens-Corning 
Fiberglas Corporation has been ap- 
pointed chairman pro tem, and tem- 
porary 


committees on organization. 


publicity, finance. constitution. —pro- 
gramming and membership have been 
selected from members of the group 
present at the meeting. 

An industry-wide — organizational 
meeting has been scheduled for Dee. 
11. 1957 to be held at the Consolidated 
Edison Auditorium. 4 Irving Place. 
N. Y.. at 9:30 a.m. The immediate aim 
of EIMA is to establish a fall 1958 
date for a national meeting at which 
application reports on insulating mate- 
rials will be presented. 

Inquiries should be directed to Mr. 
H. H. Chapman. Jr.. Mer.. Apparatus 
Products — Div.. 
Fiberglas Corp... 598 


Madison Ave... New York 22. N. ¥ 


Insulation. Textile 


Owens-Corning 


13th Conference of Reinforced 
Plastics Division 


The program of the 13th Conference 
of the Reinforced Plastics Division of 
The Society of the Plastics Industry 
Inc.. is built around the belief that de- 
signers. engineers and businessmen 
must be given » facts if reinforced 
plastics are to continue their growth in 
both volume and variety of products. 

The three-day Conference. to be held 


on February 4. 5 and 6. 1958. at the 


Edgewater Beach Hotel in Chicago, is 
divided into 18 half-day sessions de- 
voted |» materials, material perform- 
ance, .aethods of production, product 
design and product application. With 
the scope of the industry ever widen- 
ing, product sessions will cover every- 
thing from bathtubs to the Vanguard 
missile. 


International Cybernetics Association 
Conference to be Held in Belgium 

The International Cybernetics Associa- 
tion will hold a conference at Namur, 
Belgium, December 13 and 14, 1957 
for the discussion of “Economic and 
Social Implications of Automation.” 
The first general assembly of the Asso- 
ciation also will be held at the same 
time. 

Among the subjects to be discussed 
at the conference will be: (1) the ap- 
plication of cybernetics to machines; 
(2) the use of automation in the or- 
ganization of labor; (3) economic and 
social effects of automation: (4) cy- 
bernetics and social sciences; (5) 
cvbernetics and biology. 

Speakers and authorities on the pro- 
gram will be outstanding personalities 
in this field from many countries. The 
information 
from experts in this field from all parts 


exchange of ideas and 


of the world should prove interesting 
and informative to all delegates. Among 
the founders of this organization are 
outstanding personalities such as: G. R. 
Boulange (Belgium). John Diebold 
(U.S. A.). L. Couffignal (France) and 
W. Grey Walter (United Kingdom). 
The conference will be held at the 
Theatre Royal in Namur. Belgium. All 
requests for information should be sent 
to Mr. Georges Boulange. president of 
the International Cybernetics Associa- 
tion. Nr. 18. Dreve des Wegérias, 


Boitsfort. Brussels. Belgium. 


Dr. E. W. Engstrom Named to Receive 
Industrial Research Institute Medal 


Dr. Elmer W. Engstrom, senior execu- 
tive vice-president of the Radio Cor- 
poration of America, was named _re- 
cently as recipient of the Industrial Re- 
search Institute Medal for 1958. The 
medal has been awarded annually since 
1945 to honor “outstanding aecomplish- 
ment in leadership in management of 
industrial research which contributes 
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Comparison of SUPERMENDUR and 
SILECTRON at High Inductions 
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Announcing SUPERMENDUR 


A New Rectangular-Loop Core Material 


For Miniaturized Transformers and Magnetic Amplifiers 


Supermendur, an oriented cobalt-iron-vanadium alloy, com- 
bines the high saturation flux density of the cobalt-iron 
alloys with the desired hysteresis loop rectangularity of the 
oriented 50% nickel-irons. This gives it unique characteris- 
tics in the range of inductions from 16 to 22 kilogausses 
which permit miniaturization and weight reduction for 
toroidal transformers and magnetic amplifiers. 

Coercive forces substantially lower than those of previ- 
ously available cobalt-iron alloys are obtained. In the graph 
above, the lower core losses and excitation obtained with 
Supermendur show a decided improvement in high density 
characteristics compared with oriented silicon steel. 

Supermendur can be processed in tape form to thicknesses 


Technical Information and Samples 


Requests for sample toroidal cores of Supermendur 
in 4 and 2 mil thicknesses will be processed as 
rapidly as possible. Technical data will be re- 
leased as it becomes available. When writing, state 
application, frequency, size, gage, characteristics 
desired and quantity required. 


ADDRESS DEPT. EM-712 
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of 2 mils or less. Maximum utilization of its hysteresis loop 
rectangularity and high permeability at high induction 


requires a gapless or wound core type of construction 
particularly suited to thin tape. 


Specific advantages of Supermendur cores in toroidal transformers are: 
high operating induction, low core loss, low exciting current and high 
permeability at high induction. In magnetic amplifiers or saturable reactors, 
they include: rectangular hysteresis loop, high saturation induction and 
moderate excitation at high induction. Advantages in all uses are: thin 
tape, small size and low weight. 


Supermendur is manufactured under license arrangement 
with the Western Electric Company. ® Call on us for more 
information or engineering assistance. 


wsw 6921 
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for faster 
delivery 
and 
prompt 
service you 
‘ean rely on 
TOLEDO 
commutators 


You get WHAT you order 
ond get it shipped 
PROMPTLY when you order 
from Toledo Commutator 
—ond no mistoke obout 

it! Many sizes of 
commutators and 

collector rings ore 
ovoiloble for immediate 
shipment. Complete 
tooling facilities provide 
fost production of 


special orders, too 


Whenever you want 
precision ond accuracy 
ino commutator, call 
on Toledo Commutator 
Repeatedly, Toledo 
has shown that it can 
produce better 
commuvutotors at less 
cost than the 
manufacturer who 
attempts to build 


his own 


Write today for 
catalog #60. 


commutator co. 
OwossofJ Michigan 
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Calendar of Meetings 


Dec. 2-4 —Institute of 
Manufacturers, 
Washington, D. ¢ 


Appliance 
Hotel, 


Shoreland 


Dec. 2-6 -26th Exposition of Chem 
ical Industries, New York Coliseum, 
N. ¥ 


Dec. 3-4 National Symposium on 
Human Factors in Systems Engineer 
ing jointly sponsored by the Human 
Factors Society of America, IRI 
(Philadelphia Section) and the IRI 
Professional Group on Military Ele« 
Penn Sherwood Hotel. Phil 
adelphia, Pa 


tronics, 


Dec. 3-5--Sixth Annual Symposium 
on “Technical Progress in Communi 
cation Wires and Cables” sponsored 
by industry and U. S. Army Signal 
Engineering Laboratories, Berkeley 


Carteret Hotel, Asbury Park. N. J. 


Dec.9-13 Joint Computer 
Conference & Exhibit: Institute of 
Radio Engineers, the Association for 


Eastern 


Computing Machinery, the American 
Institute of Electrical Engineers, and 
the National Simulation 
Sheraton-Park Hotel. 
7.4 


Council. 
Washington 


Jan. 6-8—-Fourth National Sympo 
sium on Reliability and Quality Con 
trol, Statler Hotel. Washington, D. C. 


Jan. 14-15—Yankee Instrument 
Fair and Symposium, sponsored by 
Society of America 

Boston, Connecticut Valley and Fair 
field County Hotel 


Instrument 


Sections Ine.. 


broadly to the development of industry 
or the public welfare.” 

The presentation of the medal will 
take place next May at the Annual 
Meeting of the Industrial Research In- 
stitute in Colorado Springs. Colorado. 

Dr. Engstrom. who RCA in 
1930. executive vice- 
president since October 21, 1955. As 
RCA’s television re- 
search during the 
sponsible for the development and 
construction of equipment and for the 


joined 
has been senior 
the director of 


1930’s. he was re- 


planning and coordination which led 
to the development of television. Con- 
tinuing in charge of research for the 
corporation during the 1940's, he was 
primarily responsible for the organiza- 
tion, growth and of RCA 
Laboratories. which was established as 
a separate division of RCA in 1942 at 
Princeton, New Jersey. 


activities 


Bradford, Boston, Mass 


Jan. 27-28 The Sixth Scintillation 
Counter Symposium, sponsored by 
the IRE, ATEE, Atomic Energy Com 
mission and National Bureau of 
Standards. Hotel Shoreham, Wash 
ington, D. C. 


Feb. 4-6 Thirteenth Reinforced 
Plastics Division Conference, spon 
sored by The Society of the Plastics 
Industry, Inc., Edgewater Beach 
Hotel, Chicago, TI. 


Feb. 18 -14th Annual Quality Con 
trol Clinic sponsored by the Roch 
ester Society for Quality Control, 
War Memorial, Rochester, N. Y. 


Feb. 20-21 Tran 
sistor and Solid State Circuits, Phil 
adelphia, Pa. 


Conference on 


Mar. 17-21-—-Atomi Industrial 
Forum Atomfair, in conjunction with 
the 1958 Nuclear spon 
sored by the American Institute of 
Chemical Engineers and the Atomik 
Industrial Forum, Inc., International 
Amphitheatre. Chicago, TI. 


Congress, 


Apr. 22-24 Electronic 
nents Conference, sponsored by the 
ATEF, IRE. EIA. and WCEMA, 
Ambassador Hotel. Los Angeles, 
Calif. 


Compo 


Apr. 27-29 
the American 
ind Air-Conditioning 
Inc.. Pittsburgh, Pa 


Meeting of 
of Heating 
Engineers. 


Annual 
Society 


Highest Awards in Field of Voluntary 
Standards Awarded by American Stand- 
ards Association. 

Roger E. Gay. a former president and 
chairman of the board of The Bristol 
Brass Corporation, Bristol. Conn., has 
been awarded The Howard Coonley 
Medal for “great service in advancing 
the national through volun- 
tary standards.” Mr. Gay just com- 
pleted an assignment with the U. S. 
Department of Defense as director of 
the Office of Cataloging. Standardiza- 
tion, and Inspection. 

The Standards Medal has been pre- 
sented to John Robert Townsend, spe- 
cial assistant to the Assistant Secretary 
of Defense (Research and Engineer- 
ing). This medal is awarded for leader- 
ship in the actual development and 
application of standards. 

Mr. Gay and Mr. Townsend received 


economy 
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fits larger circuits...into smaller spaces 


The remarkable new Formica 
flexible copper clad laminated 
plastics save space like never be- 
fore. Notice how a 40 square inch 
flat circuit above is contained in 
a space only 10 cubic inches! 

Works fine, too. There’s no 
shorting because of the insula- 


high IR, 
cold punching 
copper clad 


XXXP-36 for finest printed circuitry. 
Offers 1,000,000 megohms insula- 
tion resistance, cold punches to and 
including 1/16”. It's the original 
translucent, watermarked sheet so 
widely copied but never duplicated. 
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tion the flexible sheet provides. 

Flexible copper clad offers the 
product designer circuits in new 
shapes . . . plus increased minia- 
turization. For example, as 
shown above, an .008” sheet can 
be confined in a %” diameter tube. 

For complete information on 


glass epoxy 
high temperature 
copper clad 


FF 95 — retains mechanical strength 
and insulating properties at high 
temperatures and humidity. Cold 
punching and chemical resistant. 
ideal for rockets and missiles. 


Circle 307 on page 17 


the design improvement possibil- 
ities Formica flexible copper clad 
holds for your products—civilian 
or military—write for new FF 89 
data sheet. Formica Corporation, 
subsidiary of American Cyana- 
mid, 4521-7 Spring Grove Ave., 
Cincinnati 32, Ohio. 


Save your engineers — use Formica-4 
the complete laminated plastics service 


1. Application engineering 2. Research 
3. Fabricating 4. Customer stock service 





Better Dielectric Quality 
Low Cost 


e 
UNIFORM QUALITY 


FROM 100% VIRGIN 
KRAFT STOCK 


These three grades of fibre board 
are free of metallic particies. Be- 
cause of their excellent dielectric, 
physical and chemical properties, 
they are widely used to replace 
more costly insulating materials. 


PRESSITE—an absorbent, unsized 
material of great purity for use 
principally in air, oil and askarel 
transformers. 


ELECTRITE—a high grade board 
with high tensile and dielectric 
strength. Used in a large variety 
of punchings and other insulat- 
ing applications. 


DENSITE—an extremely hard and 


tough board of superior quality. 


Used by many leading manufac- 
turers of electrical equipment to 
replace more costly materials. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department y 
230 Park Avenue 


New York 17, N. Y. 
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the medals at the Annual Award Din- 
ner on November 14, during the Eighth 
National Conference on Standards held 
in San Francisco, November 13. 14. and 
15 at the St. Francis Hotel. 

Mr. Gay was president of the Amer- 
ican Standards Association for 1952. 
1953. and 1954. He became president 
of The Bristol Brass Corporation at the 
age of 37, the youngest president in the 
history of the 107-year-old company. 
In 1955 Mr. Gay was given a leave of 
absence from his company to enter 
Government service. 

Mr. Townsend has been with the Bell 
System for 38 years. He was director 
of materials application engineering in 
1952 when he was given a leave of 
absence to become director of materials 
application engineering for Sandia 
Corporation, Albuquerque. N. M. He 
has just returned to the Bell Laborato- 
ries and has been granted leave from 
Sandia for his present position. 


Conference on Electrical Insulation 
Elects Officers for 1957-1958 

At the 1957 Conference on Electrical 
Insulation, National Academy of Sci- 
ences—National Research Council. held 
October 21 to October 23 at Pocono 
Manor, Pa.. 


were elected for the vear 1957-1958: 


the following new officers 


E. R. Thomas. chairman. Consolidated 
Edison Company of N. Y.. Inc.. New 
York: J. D. Hoffman. vice chairman, 
National Bureau of Standards. Wash- 
ington, D. C.: and W. MeMahon, sec- 
retary. Bell Telephone Laboratories. 
Murray Hill, N. J. 

The 1958 meeting will be held in 
Pittsburgh. Pa... at the invitation of 
Westinghouse Research Laboratories. 


Nation's Leading Industrial Designers 
Choose Officers for National Society 


William M. Goldsmith. Chicago indus- 
trial designer, has been elected presi- 
dent of the American Society of Indus- 
trial Designers. The announcement was 
made at the final session of the 1957 
annual meeting of the ASTID. held this 
vear at the Ojai Vallev Inn. Ojai. Calif.. 
Oct. 16-20. 

Mr. Goldsmith. secretary-treasurer of 
the Dave Chapman Industrial Design 
office of Chicago. served as the vice- 
president of the organization for the 
past year. In his new post. he succeeds 
Jay Doblin. Director of the Institute of 
Design. Illinois Institute of Technology. 
Chicago. who takes the post of chair- 
man of the board of directors of the 
ASID for the coming vear. 

Other nationally noted designers 
elected to ofhce were: vice-president, 
Francis F. Braun (president, Product 
Presentation, Inc.. of Cincinnati). sec- 
retary. F. Eugene Smith (Smith. Scherr 
& McDermott. Akron) and treasurer. 
Milton (Walter 


Immerman Dorwin 


Teague Associates, New York City). 

The ASID is a professional society 
made up of practicing industrial de 
signers working with American and 
world industries for the planning and 
designing of machine-made products 
for the consumer public. 

The thirteenth president of — the 
ASID. Mr. Goldsmith is a graduate of 
Carnegie Institute of Technology and 
a member of the Society since 1948. In 
the past two years he has headed design 
terms for foreign technical assistance 
to underdeveloped countries on visits 
to Pakistan and Afghanistan under the 
auspices of the International Coopera 
tion Administration of the U. S. Gov- 
ernment. 


Papers on Guided Missiles to Highlight 


Reliability and Quality Control Sym- 
posium. 


Three presentations on guided missiles 
and an open panel discussion on relia- 
bility definitions will highlight the 
Fourth National Symposium on Relia- 
bility and Quality Control to be held 
January 6-8 in the Hotel Statler, Wash- 
ington, D. C. The symposium will be 
sponsored jointly by the American So- 
ciety for Quality Control, the American 
Institute of Electrical Engineers. the 
Radio Electronic Television Manufac 
turers Association and the Institute of 
Radio Engineers. 

The guided missile papers are: “Sys- 
tematic Methods in Missile Seeker 
System Design.” by H. V. 
Bendix 
2 p.m.: “Test Program Design for a 
Missile Guidance System.” by R. P 


Cooper. 


Aviation Corp., January 6. 


Grant, American Bosch Arma Corp.. 
January 8. 9 a.m.: “Talos Missile Data 
System Contributes to Management.” 
by R. R. Wendt. of the Bendix Aviation 
Corp., January 8. 9 a.m. 

More than 40 other papers by au 
thors from industry. the military, and 
government. and the panel discussion 
moderated by C. M. Rvyerson of the 
Radio Corporation of America. will 
comprise the remainder of the technical 
program. 

Keynote speaker for the meeting will 
be Major General F. L. Ankenbrandt. 
U. S. A. F. Rtd.. of the Defense Elec- 
tronic Products Div. of the Radio Cor- 
poration of America. 


Instrumentation Foundation 

Elects New Board Members 

The recently created Foundation for 
Instrumentation Education and Re- 
search. New York, has announced the 
election of four new members to its 
board of trustees. They are: Dr. Gordon 
S. Brown, head of the Electrical En- 
gineering Department, Massachusetts 
Woodrow W. 
Garey. publisher of Control Engineer- 
ing magazine: Dr. Cuthbert C. Hurd. 


Institute of Technology; 
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Fastener Facts 


by Henry Peterson, Chief Engineer — Judson L. Thomson Mfg. Co. 


HOW TO MAKE BOTH ENDS NEAT 


Is This Your Problem? 


When both ends of a fastener can 
be seen and touched, it’s often a prob- 
lem to design an assembly that has 
neat lines and smooth surfaces. 


Two Solutions: 


The rivets pictured above show two 
popular means of making both ends 
neat. The most common way is to 
clinch the rivet inside a cap that looks 
like the head. The greater bearing sur- 
face provided by the caps prevents 
rivets from tearing loose and also 
strengthens materials. The othe 
method is to use compression rivets, 
consisting of accurately matched pairs 
of solid and deep-drilled rivets that 
give a secure pressed fit. 


1. Rivets Plus Caps 


Thomson Standard Caps are made 
of steel and brass in diameters rang- 
ing from 4” to 9/16” with flat or con- 
cave backs. They can be finished or 
japan-colored to match the self- 
piercing Thomson Deep-Drilled or Bi- 
furcated (Split) Rivets of your choice. 

YClinch strength with caps depends 
on your choice of rivet. The scored 
clinch of deep-drilled rivets is much 
stronger than the two-legged clinch of 
split rivets of the same diameter. 

Thomson Caps are applied by a two- 
hopper machine that automatically 
feeds and sets all standard sizes of 
Thomson Deep-Drilled and Split Riv- 
ets and their matching caps. Hand-fed 
machines are also available. 

Thomson Machines, in both bench 
and floor models, can be had to meet 
your special requirements. 


2. Compression Rivets 


SASS YGAN SVS 


]—™>”7”),;Y:YY 


Thomson Compression Rivets come 
in precision-made male and female 
pairs. Each pair consists of a solid 
rivet with chamfered shank and a 
deep-drilled rivet to match. Because 
their most common use is for attach- 
ing handles to knives, they are often 
called “Cutlery Rivets”. 

Thomson Compression Rivets —cold 
headed from aluminum, brass, nickel 
silver and steel are designed to seat 
snugly in counterbored holes. So, they 
give a smooth, projectionless surface 
to the product or assembly. They also 
provide the strongest pressed fit in the 
rivet industry. Heads may be trimmed 
in a secondary operation when more 
critical tolerances are required. 

You have a choice of Thomson Rivet- 
Setting Machines for applying Com- 


Style 137A Style 161 


DESIGN 
PRODUCTION 
& PURCHASING 
DATA 


pression Rivets: Thomson Knife 
Handle Machine (Style 137A) or two 
standard Thomson Rivet-Setting Ma- 
chines (Style 161) in tandem. 


The Thomson Knife Handle Machine 
is a versatile special-purpose machine 
that inserts male and female rivets 
into assemblies in a single operation. 
It handles rivets with heads up to 
3/16” diameter ... and lengths up to 
1”. Its arm is adjustable for the va- 
rious assembly thicknesses and rivets 
lengths within its capacity. 


When two standard Thomson Rivet- 
Setting Machines are used, one inserts 
the deep-drilled rivet; the other sets 
the solid rivet into the mate’s hol- 
low shank. 


Complete Line: 


Whatever your fastening problem, 
there’s a Thomson Rivet that will cut 
costs and speed assembly. More than 
800 stocked standards and more than 
8000 standards in print-form promise 
you the kind of service that saves time 
and money. 

More than 250 styles of Thomson 
Rivet-Setting Machines also offer you 
the advantages of high production 
rates on your assembly lines. The ma- 
chine of your choice is custom-tooled 
for your application and factory-tested 
on actual samples before shipment. 
Available on a purchase or lease basis. 


Design and Engineering Service 


Thomson analyzes your fastening 
problems and makes specific rivet and 
machine recommendations ... at your 
request. When called in before designs 
are frozen, our engineers can help you 
design around standard rivets and 
machines that cut costs and speed 
assembly. Thomson also saves time 
and money on your current fastening 
jobs by giving you a choice of more 
than 800 standard rivet types and 
sizes. Submit sketches, prints or sam- 
ples for recommendations and quota- 
tions. 


Free ‘Fastener Fact File’’ 


This authoritative manual on all 
phases of riveting is “must” reading 
for anybody responsible for specifying 
or buying low-cost fasteners. It covers 
rivet types, applications, materials, fin- 
ishes and other factors that simplify 
selection of the right rivet machine 
for any job. For your 
free copy, write: 

Judson L. Thomson | Fastener Fact 
Mfz. Co., Dept. File 

D, Waltham 54, 

Mass. 


JUDSON L. THOM! SOW] MFG. CO., WALTHAM 54, MASS. 
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Gun‘ assembly for oscillographic tube 
depends on .020°' thick natural mica for 
nsulotion and structural rigidity 


Natural MICA’s 6.2 Kv/mil 
dielectric strength and low 
ACUI ee SC ee tia to ae) 
critical electronics need, High 
ence Ue tt mP0 me S| 
minimum compressive strength 
are added values. And. mica can 
be readily fabricated to 
Neral bh: close tolerances. 


Me oe mTOR WhTirleniin. 
advantages when FORD shapes 
and fabricates it into the precise 
forms you need. Write for MICA 
GO ROSE Tm Oetice 


YOUR PROBLEM ? 


... Discuss it with FORD 
MICA engineers, backed 
by 40-year-plus leader- 
ship in mica insulation 
Precision-stamping and 
fabrication. 


ATT Tay 


ars 


aera 
& MICA core. 


536-540 63rd Street 
Brooklyn, N.Y 


GEdney 9-8300 
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director of automation research, In- 
ternational Business Machines Corp.; 
and Dr. Augustus B. Kinzel, vice 
president-research, Union Carbide Corp. 

The Foundation for Instrumentation 
Education and Research is a non-profit 
agency sponsoring and catalyzing ed- 
ucational projects and basic research 
in the engineering-science of instru- 
mentation and automatic control. It 
was formed in February 1957 as a 
corporate body in New York State 
through an initial grant of $40,000 
from the Instrument Society of Amer- 
ica. 

Dr. Gordon Brown pioneered at 
MIT some of the first applications of 
servo-control in military weapons sys- 
tems during World War Il. and with 
Donald P. Campbell co-authored “The 
Principles of Servomechanisms”. Dr. 
Cuthbert C. Hurd has been known 
for many years for his outstanding 
work guiding the Applied Science Di- 
vision of IBM. Recently he was given 
the task of developing and directing 
a completely new division set up to 
explore the potential for data proc- 
essing systems and allied equipment 
and techniques in the broad field of 
automation. 

Dr. Augustus B. Kinzel is the author 
of scores of technical and_ scientific 
articles on applied mechanics, metal- 
lurgy. and engineering. In addition to 
his post at Union Carbide Corp.. he 
is chief consultant in metallurgy for 
Los Alamos Laboratories and_ other 
units of the Atomic Energy Com- 
mission. He is president-elect of the 
(American Institute of Mining, Metal- 
lurgical and Petroleum Engineers. 


Study Group Organized On Cermets 


At a recent meeting, The Board of 
Directors of the American Society for 
Testing Materials, approved the forma- 
tion and personnel of a study commit- 
tee in the field of cermets—the group 
of materials combining properties of 
ceramics and metals which show such 
great promise in high temperature and 
abrasive environments. 

The authorization resulted from a 
conference held in November 1956 
with representatives of several fields of 
activity present. The conference re- 
vealed that at present practically all 
of the materials produced as cermets 
are made for experimental usage with 
no type being made by more than one 
manufacturer. The committee will en- 
deavor to promote information on the 
subject in the form of papers, meetings 
and symposiums. Its first problem will 
be the study and observation of the 
commercial progress in order to know 
when test methods and product stand- 
ards are desired. 


COMPLETE 
YOUR 
REFERENCE 
FILES on... 


Editorial Reprints . . . 
New Materials Information . . . 
Advertiser's Engineering Dafa 


New Liferature Available... 
See Page 17 


Over 50,000 individual reprint 
requests for feature articles dur- 
ing the first six months of this 
year were supplied to readers, 
free of charge. This service was 
initiated to enable you to main- 
tain your own subject files on 
engineering problems via fea- 
ture articles, new literature, new 
materials and parts and adver- 
tisers engineering data that 
were a part of each issue. 


The most recent step, “In This 
Issue,” on page 6 and 7, is a 
brief description of each article 
in handy “file form,” allowing 
you to review each article to 
determine your degree of in- 
terest, and also build your ref- 
erence file. 


Another new step was the place- 
ment of the Reader Inquiry 
Service on page 17 instead of 
next to the back cover so that 
it would be more accessible to 
you. Keys to all editorial and 
advertiser's engineering data in 
this issue are shown. 

These features now become a 
permanent part of the Reader 
Inquiry Service. We hope you 
like it and find greater use for it. 


READER INQUIRY SERVICE 
NOW ON 
PAGE 17 
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For 56 Years 
a Quality Name 
in Steel 


SHARON STEEL CORPORATION, SHARON, PENNA. 
CHICAGO, CINCINNATI, CLEVELAND, DAYTON, DETROIT, GRAND RAPIDS, INDIANAPOLIS, LOS ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, SAN FRANCISCO, SHARON, SEATTLE, MONTREAL, TORONTO 


NEW 
CLUTCH 


MODEL GS 


TORQUE RANGE 
Pa ene Lomas a 


PLUG IN ELECTRICAL CONNECTIONS 
(No slip-rings, no brushes) 


<7 — up to 41% on space 
«aV — up to 33% on installed cost 
Here’s a new concept in electro-magnetic clutches that add an 
even greater range of application to the already comprehensive 
Stearns line of over 100 standard clutch and clutch-brake com- 
binations. Stearns can serve your needs on equipment ranging 
from business machines to ball mills — and larger . . . will also 
custom-design units to your specific requirements. 


For complete data on the new 
“GS” line, call your local Stearns 
aaa representative ... or write for 
ces pees " Bulletin 503E. 26 


ELECTRIC CORPORATION 


120 NORTH BROADWAY « MILWAUKEE 2, WISCONSIN 
& CLUTCHES 
‘scorn = a 
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Engineering 
Standards 


Screw Thread Standards for Federal 
Services, 1957, National Bureau of 
Standards Handbook H28 — Part lI, 
amends in part H28 (1944, and in part 
its 1950 supplement) issued Sept. 10, 
1957, 214 pages. This publication rep- 
resents the work of the Interdepart- 
mental Screw Thread Committee, which 
is sponsored by the Depts. of Defense. 
Army, Navy, Air Force and Commerce 
to promote uniformity in screw thread 
standards in the departments con- 
cerned. The handbook is based on the 
1933 and earlier reports of the National 
Screw Thread Commission and NBS 
handbooks H25 (1939) and H28 (1942 
and 1944) together with pertinent 
standards approved by the American 
Standards Association. Copies are $1.25 
and may be ordered from the Super- 
intendent of Documents, U. S. Gov't 
Printing Office. Washington 25, D. ¢ 
ASTM Standards on Copper and Copper 
Alloys. A new edition of the special 
compilation of ASTM standards cover- 
ing copper and copper alloys, cast and 
wrought, has been published. Thirty- 
four of the 128 standards included in 
the Dec. 1955 edition were revised in 
1956 and 1957. and the revised stand- 
ards are in the new edition. Also in 
cluded for the first time are specifica- 
tions for threadless copper pipe and for 
copper drainage tube. 688 pages, paper 
cover $6.25: cloth cover $7.00. Copies 
may be obtained by writing to ASTM 
Headquarters. 1916 Race St., Philadel- 
phia 3, Pa. 


The following standards publications 

have been issued by the AIEE: 
No. 501 Test Code for Direct-Cur- 
rent Machines (supersedes 1941 edi- 
tion), 60¢. C37.2—-Automatic Station 
Control, Supervisory, and Associated 
Telemetering Equipments, $1.30. 
isd bo Step—V oltage and Induc- 


tion—Voltage Regulators, $2.00. 


Copies of No. 501 may be obtained 
from the AIEE. 33 W. 39th St.. New 
York 18, N. Y. Copies of C37.2 and 
C57.15 may be obtained from the 
American Standards Association, Inc., 


70 E. 45th St., New York 17, N. Y. 
Varnished Tubing and Saturated Sleeving. 
This standards publication covers the 


physical and electrical requirements 
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NOW-—SEALS OF ACADIA SILICONE a 


for Laboratory and Industrial Ovens 


Photograph courtesy of Labline Inc., 
Chicago, Ill. 


Labline has found that Acadia’s 
Silicone Compound 870T when shaped 
by Acadia’s engineers yields a winning 
combination. It is used exclusively on 
all their ovens. 








MEAN MORE LEVEL 
TEMPERATURE HERE 




















Now you can have a laboratory oven door seal that stays 
tight even after sustained temperatures of up to 600° F. TIME O 16 JO 45 4. 18 30 45 2 

Acadia Silicone rubber is not affected by grease or 
acids. It is non-toxic, has good tear resistance, and low 
compression set. Under certain conditions it can even 
double the length of time between heating cycles. More- 


over, temperature variations in different parts of the —\F 


oven are greatly reduced. 


LOW COST SHAPES...WIDE RANGE OF COLORS 


Y 


SSSSSSSSSSSSSSHSSSSSSSSSHSSSSSSESSSEESEESESE 


SF, 
da 


ACADIA ) 


COSCO EEESSESESESES ESSE SOESE 


Over 30 different designs readily available 


PRODUCTS 


Processors of Synthetic Rubber and Plastics 


There’s an Acadia Sales Engineer near you to serve you. 
Sheets + Extrusions * Molded Parts 


Write us and we'll put him in touch with you immediately, 


DIVISION OF WESTERN FELT-WORKS e¢ Manufacturers and Cutters of Wool Felts e 4021-4139 W. Ogden Ave., Chicago 23 
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design flexibility in glass 


Visibly protected by Lancaster! 


Your delicate mechanisms deserve the complete protec- 
tion and visibility that only glass covers can give. They 
permit close visual inspection with maximum safety. 

Lancaster has formula and facilities to meet your 
specific needs in limited as well as mass-produced 
quantities. Write today for complete details, or send 


blueprints for quotation to Lancaster Glass Corporation, 
Lancaster 1, Ohio. 


giass and plastics 


to brighten your prGduct’'s future 
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and the testing of flexible varnished 
tubing and saturated sleeving used for 
electrical insulation. Copies are 50¢ 
and may be obtained from NEMA. 
155 E. 44th St., New York 17, N. Y. 


Book Reviews 


Medium Size Transformers. By Samuel! 
Heller. Datarule Publishing Co., Box 
69. Scarsdale, N. Y. $25.00. 


This is an eminently “practical” book 
in the sense that the emphasis is on 
specific design information and _ pro- 
cedures, whereas basic theory is not 
presented. Step-by-step instructions are 
given for designing. connecting and 
testing virtually all types of widely used 
transformers rated at 100 kva or less 
Small “electronic” transformers are 
not included. There is a separate chap- 
ter devoted to the design and construc- 
tion of potential and current  trans- 
formers and. saturable-core reactors 
The design data are presented largely 
in the form of numerous nomograms 
so that numerical computations are 
minimized. 

The author has reduced to simplest 
terms such questions as core selection. 
wire size and turns prediction, and 
insulation considerations. There are 208 
pages of text including 47 full-page 
charts and 112 diagrams. The spiral 
hound. flat-opening format of the book 
is a decided asset for use. 

“Medium Size Transformers” is the 
work of Samuel Heller. Chief Enginee 
for both Consolidated Electric Motor 
Company and American Rectifier Cor- 
poration. 


Polyethylene. By Theodore O. J. Kres 
ser, Spencer Chemical Co., Orange. 
Texas. Reinhold Publishing Corp.. 
130 Park Ave.. New York 22. N. ¥ 


217 pages. price $4.95. 


This book is the first of a series ot 
short books emphasizing the appli 
cations industry each book to cover 
one type of material. The text gives 
a brief summary of the status of poly 
ethylene applic ations at present. with 
a little history and projection to bring 
it into reasonable perspective. 

The author. without going into great 
technical detail. has tried to show 
how polyethylene is produced and how 
it is made into useful articles. He has 
selected a few of the many applications 
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Two portables with 


WIDE RANGE COVERAGE 


AMPERES 


Ae ee ee 


Traditional Weston quality alone would keep these fa- 
mous model 904 portable instruments ’way in the lead. 
But their exceptionally broad range coverage, plus 
other exclusive features which distinguish this com- 
prehensive instrument line such as. . . unequalled scale 
visibility ... wrap-around windows... . hand calibrated 
mirror scales and knife-edged pointers . . . convenient 
terminal locations . . . efficient shielding . . . rated 
accuracy of 0.5% ... make them standouts for labora- 


| A DAYSTROM UNIT 


a 
. 
~ 
a 
- 
os 
— 
- 
% 


ee ee ee 


tory or shop portable needs. Other instruments in this 
broad line include D-C Voltmeters, Volt-Ammeters, 
Ammeters, Milliammeters; A-C Voltmeters, Amme- 
ters, Milliammeters; and A-C and D-C single-phase 
Wattmeters. For complete information see your local 
Weston representative or write for literature... 
WESTON INSTRUMENTS, Division of DAY- 
STROM, Inc., 614 Frelinghuysen Avenue, Newark 
12, New Jersey. 


WESTONDitumesila 
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of polyethlene and tried to show the 
reasons why it was used for these pur- 

BUCHANAN give 
-.--for your Design engineers, equipment manu- 


facturers of packaging machinery, and 


= pts 79 
4..A..m ermind OL companies in the plastics industry will 


find the book not only interesting semi- 


Requirements technical reading but of value to them, 


in ¢ ddi ion. 
SECTIONAL pres-SURE-blocks in additi 


pres-SURE-blecks pres-SURE-blocks Medium Duty: The Science of Engineering Materials. 
—a (Direct Mounting) # 22-8, contacts on 7/,4" centers. Edited by J. E. Goldman. John 
Heavy Duty: Wiley & Sons, Inc., 440 Fourth Ave., 


ee # 18-#4, contacts on 5/4" centers. New York 16, N. Y. 528 pages, price 
i Any number of circuits — $12.00 


assembled without fastening hardware. 
Complete blocks or separate sections. This book is the outgrowth of a series 
Direct or channel mounted. of 
Integral or separable marking strips. 
HEAVY DUTY Contacts for stripped or terminal- 


ended wires. a oe ; ; : ; 

HEAVY DUTY pres-SURE-blocks “4 Engineering Education, which was held 

pres-SURE-blocks (Direct Mounting) ee oe in Pittsburgh at Carnegie Institute of 

(Channel Mounting) cs _— we Technology in June 1954. Both the con- 
Contacts on 5/," centers. ; : 

Se ference and this book were, in effect, 

4, 6, 8, or 12 circuits. I ca da a, taille eam 

Screw, thumb screw or hinged covers. conceived as a result of growing sensiti- 

Contacts for stripped or terminal-ended wires. 

Jumper bars available. 


(Channel Mounting) 


conferences and symposiums that 
culminated in the Carnegie Conference 
on the Impact of Solid-State Science on 


“ONE PIECE” vity of physicists concerned with the 


Terminal Blocks education of engineers to the need for 

imparting a basic approach to under- 

standing many modern engineering de- 

Send for Bulletin M-12 BUCHANAN vices grounded in solid-state science. 

IN CANADA GASACCUMULATOR CO., (CANADA) LTD. eee The term solid-state science has been 

82 Gower St., Terento 16, Ont. MILL GIDE, maw JeRsEV employed rather broadly; thus chapters 

— el aeatas tas eon ee. have been included on such important 

pe O0s an ceee:t? engineering materials as cements, poly- 

mers, and glasses which may not re- 

present an equilibrium state, are not 

solid in the conventional sense. and 

the study of which has emerged as a 
science only in the last few years. 

7 ° ° ’ : The book attempts to answer the 

Human Engineering I actors question of why oad behave as 

they do by applying basic principles 

° T ” ® » of solid-state physics to the explanation 

in Your Equipment Design ol Baers thane lige ate 

————— provide the necessary background in 

modern physics and also offer an an 

alysis of the general scope and termi- 


@ An increasing number of companies today are setting up 
design groups to evaluate the human engineering problems ‘tele- provide an understanding of the 
vant to their own company products and to formulate human phenomena of the atom an under- 
engineering ——— and standards. The human factor is standing that permits the use of pre- 
being recognized as a prime design consideration. It exists in sent-day materials and allows one to 
every machine le man is a component by virtue of use, anticipate in 
operation, service Or maintenance. 


nology of the solid state. These sections 


basi 


proper perspective the 
materials of the future. 
The text is the work of a number 
Engineering groups embarking on this area of study will find of the outstanding scientists in varied 
authoritative source material in a new ELECTRICAL MANUFACTUR- physical and engineering fields. In de 
ING design compendium just off press and titled “Human Engi- fining the actual molecular makeup 
neering in Equipment Design.” of materials. they explain and_ inter- 
pret qualitatively the properties of 
This booklet brings together ten reprinted articles dealing metals, alloys. semiconductors, cements, 
with the theory, technique and practice of human engineering polymers, and glasses. 
The articles, all previously published in ELecrricaL MANUFAC- 
rURING, were written for the special needs of the designer of 
electrically energized machines, equipment, appliances and 


instruments Postcard return cards are provided on 

pages 17 and 19 as a convenience to 

the reader in obtaining further infor- 

= J mation on 
For contents data and how-to-order details, see announcement 


ot Multiple Reprints on page 293. New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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a bulletin of practical new ideas 


The long and the short of it 
...@ primer on 
optimum heating methods 


lake a white-colored object and place it 
near an infrared lamp with a Kelvin 
rating of 2500°. Some 30° of the radiant 
energy will be absorbed. 
Next take an ordinary 
unit at 1000°K. The same object will 
absorb 70%) of the measurable output 
Now take a new Pyrex® industrial 
radiant heating panel. It looks like this 


sheathed wire 


It operates at 600°K. and your white 
object will now absorb 90% of the radiant 
energy. 

Behind these differences lies the ques- 
tion of wave length emitted by each source. 
Infrared lamps peak at 1.2 microns; a 
sheathed unit like the one described hits 3. 
But the Pyrex heater gives from 5 to 
20 microns. 

It’s the longer wave lengths that make 
the difference. And absorption 
means more effective heating per unit of 
energy expended. 

These 


more 


wave lengths offer you 
distinct advantages: (1) all colors will 


absorb nearly the same amount of them 


two 


—this means even heating regardless of 


color and (2) all colors will absorb these 
waves much more readily than they will 
the short wave lengths of lamps or sheath 
wires. With white colors, the absorption 
is greater with panels than lamps by a 
factor of nearly 4 to 1. 

PyReEX industrial radiant heaters have 
as their heart a panel of tempered glass 
that has a fused-in coating of thin con- 
ducting film. The panel is mounted in an 
aluminized steel frame. A self-contained 
unit, each heater with built-in 
aluminized steel reflector, mounting 
hangers, junction box and leads. 


comes 


Reflector—aluminized steel 

Electric current 

Resistance element—conductive film 
Heating element—tempered glass 
Work—all materials except 
reflectors 


metallic 


Because it’s tempered the glass panel is 


rugged; it also is extremely corrosion 
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resistant. Maintenance is a_ negligible 
factor since occasional dusting with a dry 
cloth is sufficient. If needed, heaters can 
be cleaned when cold by rubbing gently 
with a soft rag lightly dampened with 
alcohol. 

Pyrex radiant heating panels come 
in 8 different models, the smallest 115%” 
square, the largest 235%." square. (Note: 
rectangles are included in this selection. ) 

Watts per square inch go from 5.4 to 
9.5 and the element itself (when meas- 
ured in ambient air at 70°F.) runs from 
550°F. to 660°F. 

Heaters can be mounted horizontally, 
above or work; vertical 


tions also possible and practical. 


below installa- 

The heat you get from such units is 
uniform (because it’s an area source) and 
effective (because of its Jong wave) 

Pyrex radiant heaters look like a real 
‘“*hot’ answer for drying, baking, curing, 
preheating—just about any application 
where you want to put the Aeat on and get 
the most for your investment in space and 
kilowatts. 

Bulletin PE-60 gives the salient data on 
construction, installation, ventilation, 
wiring and controls, and maintenance. 
lhere’s also a full story on where to get 
and how to use 
Prover”—a “pilot” setup complete with 
percentage timer, pyrometer, variable 
table and such. PE-60 is free. Using the 
coupon facilitates matters 


the Corning ‘Process 


15 gets you 75 

Somebody in one of our offices has figured 
out that 75% of the products we now 
make were not in production 15 years ago. 
Which means? Glass (as engineered by 
Corning) is appearing in ever-increas- 
ingly useful forms 

lake a few minutes 

to glance through 

‘*“This Is Glass” for a 

sprightly 
this growth. Or brief 
your problem and 
let us see if we can’t 
come up with a glass 
answer. 


review of 


CORNING GLASS WORKS, 59-12 Crystal Street, Corning, N. Y. 


Please send me the following: Bulletin PE-60 “PYREX® Brand Industrial Radiant Heater” [_]; 


“This Is Glass” []. 


Name 
Company 


Street 
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from Corning 


Rounding out the line 
Possil 


your ball point pen may be made of glass 


Some day the writing tip of 


Certainty: In sizes somewhi than 
those useful for such a pu lass balls 
are available now and in 

Before final grinding 
they look like this. 


Since a number of other materials 


have long been available in sphere form, 
this news may not appear so startling 

Sull a number of considerations that 
may interest you are involved. First— 
Continuous production of optical quality 
glass was accomplished—no mean feat 
Then, Corning developed a new, high- 
speed machine for forming small diame- 
ter glass balls. 

With this machine now in operation, 
the following specifications pertain: 

Basic data on glass balls 

3” min. 

425” max. 
+ 012” 


008” 


Diameter range. . . . . .133 


Diameter tolerance 
Sphericity of ball within 


What can you do with bits of glass like 
this? So far interest has been evidenced 
for using them in finger tip spray dis- 
pensers, for hand lotions and cosmetics, 
valves for blood transfusion and oxygen 
equipment, and hydrolytic controls 

Corrosion resistant, small, noncontam- 
inating, nonmagnetic, capable of taking a 
fine finish—glass balls await your evalua- 
tion. 

Inquiries marked for Railroad 
Industrial Sales will get fast action. 


and 


tnt paiahas 





Simplify 
Assembly and 
Adjustment 
of Screws 


Installation on 
Thermostatic 
Switch 


—with PALNUT 
TENSION NUTS 


How it works: 


Resilient spring design assures 
smooth but positive grip on 
threads for holding 
adjustment, despite vibration 


screw 


Barbs at the base dig in and 
hold to prevent PALNUT Ten- 
sion Nut from ohanging posi- 
tion when screw is adjusted 


The PALNUT Tension Nut is 
tightened once when assembled—then 
never touched again no matter how 
often the screw is adjusted. Only a 
screwdriver is needed. 


Tension Type PALNUTS are lower 

in cost, require less space, are easier 
Used on tapped plates and more economical to assemble 
or other threaded than other tension devices. They 
members. assemble fast with manual or high- 
speed power tools. They require no 
serrations, speci ' holes or auxiliary 
holding means, since they have a 
built-in locking action for screw 
threads and base. Various degrees of 
tension on the screw may be obtained, 
by varying ughtening torques. 


ee 


Tension Type PALNUTS are avail- 
able for thread sizes 2-56, 4-36, 4-48, 
6-32, 6-56, 8-32 and 10-32. Send for 
descriptive bulletin and free samples 
for testing. 


: 
i 
: 


am THE PALNUT COMPANY 


Typical TV assembly 66 Glen Road, Mountainside, N. J. 
on ceramic § trimmer d # | 


ubsdiary nited-Carr Fastener Corp 
condenser 


Canada: P.L. Robertson Mfg. Co., Inc., Milton. Ont. 


PALNUT 


TRADE MARK ® 


LOCK NUTS 
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NEMA Elects Officers, 
Discusses Profit Margins 


(Continued from page 159) 


five years this deficiency will be 15 million. The need 
for increasing the productivity of the individual worker 
is obvious. 

The automobile people created the word “automa- 
tion” to dramatize the development of machines that 
work quicker and better. This word now has a nega- 
tive connotation among workers—they are against it, 
although they agree with the principles involved, if ex- 
pressed in general terms. Mr. Montieth came up with 
a new word—Electromation—justified on the basis that 
wherever production has been mechanized by continuous 
processing or automatic handling: wherever self-regu- 
lating devices have been built in to speed production 
and improve quality, the energy behind it has been elec- 
trical. Its objective is to produce more goods better, 
faster and cheaper. 

One of the elements about which there has been much 
discussion is the replacement of men with machines. 
But we haven’t been replacing them, we’ve been giving 
them electrical helpers to the benefit of everyone, Mr. 
Montieth stated. In 1900 every worker had 2 hp at his 
disposal. . . . Today we find that same worker with 1314 
hp. Each man has 21.560 kw-hr of electrical energy at 
his disposal annually and employment has steadily in- 
creased. Actually he needs much more electrical energy 
for a better machine to handle his tiresome. fatiguing 
and sometimes dangerous routine chores. 

Then as this machine becomes so precise and its func- 
tions so interrelated that he cannot regulate every 
component that needs regulation. there is built into it 
an intelligence system with which the machine regulates 
itself. 

This new technology of Electromation brings to man- 
agement a host of new problems: How to determine 
the economic justification for electromated production, 
how to redesign the product so it can be manufactured 
this way; how to up-grade semiskilled wage earners to 
highly skilled technicians: how to pay for all this and 
still realize a profit? 

The decision to go into electromated production in- 
volves thorough knowledge of the market for a product 
over a long period of time. How much demand is there 
for it? How long will that demand last? Will design 
changes necessary to make the product automatically 
affect its acceptance? What seasonal or other factors 
affect the rate of demand? What will it cost to elec- 
tromate—what will it cost not to? 

Two of the big challenges the electrical component 
manufacturers had to meet in the automatic system are 
the factors of reliability and the ability to stay put. 
This reliability factor of automatic systems is something 
to be taken very seriously. One of the answers our in- 
dustry has come up with, is static or solid state con- 
trols which eliminate the need for vacuum tubes or 
moving parts. 

What good are these dreams of electromation and 
increased output per worker if the electrical energy to 
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Perhaps you didn’t know that the 
world-famous alloy Nichrome is pro- 
duced not only in The United States, 
but also in 6 Driver-Harris plants in 
England, Ireland, France, Italy, 
Austria, Spain, and in Canada by The 
B. Greening Wire Company. Also, 
Nichrome is a registered trade-mark 
in 55 nations. 

At first, fifty-odd years ago, we man- 
ufactured electrical resistance alloys 
for furnace elements and domestic 


heating appliances only. Today we 
produce 132 different high nickel 
alloys in many different forms and in 
hundreds of sizes, for almost every 
kind of domestic and industrial appli- 
cation—of which Nichrome is the 
most illustrious. 

Whenever you buy Nichrome, you 
are assured of the unsurpassed and 
unvarying quality which has made 
Nichrome the supreme world stand- 
ard for electrical-resistance and heat- 


Nichrome is made only by 


Driver-Harris 


MAKERS 
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COMPANY 


ALLOYS FOR THE ELECTR 
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resistant alloys. This uniformly high 
quality, which we jealously guard as 
our most priceless possession, results 
from the technical excellence, the pro- 
ductive skill, and the quality controls 
the Driver-Harris craftsmen have 
gained in over 50 years of experience 
—and which are maintained with 
equal rigor in all Driver-Harris plants 
here and abroad. The result is a con- 
tinuous benefit to the entire electrical, 
electronic,and heat-treating industries. 

*T.M. Reg. U.S. Pat. Off~ 


HARRISON, NEW JERSEY 





FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 
bars~+-structurals+plates+ sheets & strip 
tubing « reinforcing, etc., » also machinery & tools 


Joseph T. Ryerson G Son, Inc., Plants at: New York * Boston + Wallingford, 
Conn. + Philadelphia + Charlotte + Cincinnati * Cleveland + Detroit + Pittsburgh 
* Buffalo + Indianapolis * Chicago + Milwaukee + St. Louis * Los Angeles 
San Francisco * Spokane « Seattle 
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Dress Up Your Products 
with these 


Designed by Robert Podall 


Featuring metal inserts of 
chrome, copper, — satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details 


ROGAN BROTHERS 


8027 N. Monticello * Skokie, Ill. 
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make this possible cannot get in the plant, Mr. Montieth 
asked. He quoted figures from a recent survey of 550 
major plants that indicated inadequate transformer and 
in-plant wiring systems to handle the loads based on 
a 10-year growth. If in the light of population growth, 
production is stepped up 30 per cent with the same 
work force, a 70 per cent increase in electric powet 
will be needed. By billion 
kw-hi of electrical enerey will be required for industry 
alone if we 


1965, an estimated 585 


hope to maintain our standard of living. 

In closing. Mr. Montieth called upon his listeners to 
accept the leadership everyone expects of this industry. 
He submitted that we’ve never had the opportunity this 
new technology now offers us. It will save time and 
increase output, it will give us more and better prod- 
ucts with greater accuracy. less waste and at lower 
prices. It will create more jobs at higher wages. It will 


open markets of fabulous potential. O00 


NEMA Section Officers Named 


At the annual meeting in Atlantic City the following NEMA 
section officers were elected in selected product groups: 


Motor & Generator Section 


Chairman: W. H. Kingsley. sales mgr.. Electrical Diy. Fair- 
banks, Morse & Co., Chicago 

Chairman, Ady. Com.: C. J. Skidmore. vice pres. sales, The 
Louis Allis Co., Milwaukee 

Chairman, Gen. Engrg. Com.: M. S. Hancock, asst. mgr., 
motor engineering. Westinghouse Electric Corp., Buffalo 

Vice Chairman, Gen. Engrg. Comm.: C. W. Falls. senior 
engr.. Medium A-C Motor & Gen. Dept.. General Electri« 
Co.. Schenectady; and L. C. Hirsch. chief engr., Century 
Electric Co., St. Louis 


Integral-Hp Motor Subsection 


Chairman. M. E. Knudsen. motor sales mgr.. Motor and 
Control Div., Westinghouse Electric Corp.. Buffalo 

Vice-Chairman, J. A. Kutz, sales mgr.. The Peerless Electric 
Co.. Warren. Ohio 


Fractional-Hp Motor Subsection 


Chairman: H. C. McElhone, Sr.. vice pres. & gen. mgr., The 
Lamb Electric Co.. Kent. Ohio 

Vice Chairman: J. F. Farrell, sales mgr.. Industrial Motor 
Dept. Small Motor Div., Westinghouse Elect. Corp.. Lima. 
Ohio 


Semiconductor and Rectifier Section 


Chairman: H. Paul Weirich, adm. asst., Rectifier-Capacitor 
Div.. Fansteel Metallurgical Corp.. North Chicago. Ill. 
Vice Chairman: A. Hanson, mgr. engrg., Rectifier Dept., 

General Electric Co.. Lynchburg. Va. 


Wire and Cable Section 

Chairman: B. F. Isley, gen. mgr.. Wire & Cable Dept., 
General Electric Co., Bridgeport 

Vice Chairman: H. B. Bassett. pres.. Acme Wire & Cable 
Co.. New Haven, and D. E. Allen. vice pres. sales, Ana- 
conda Wire & Cable Co.. New York 


Wire & Cable Section Selected Product Group Chairman 

Flexible Cords: Herbert W. Clough, vice pres.. Belden Mfg. 
Co. 

Portable Molded Rubber Sheathed Cord: C. W. Higbie. asst. 
gen. mgr. Electrical Conductor Divy.. Kaiser Aluminum & 
Chemical Co. 

Rubber & Thermoplastic Power & Control Cable: A. F. 
Metz, bd. chairman, The Okonite Co. 

Magnet Wire: S. A. 
Wire Co., Inc. 


Rae, chairman & treas., Rae Magnet 
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When measuring high limits 


turn fixed gage onto screw ot 


TORQUE 


turn screw into gage with a 
conventional wrench 


turn screw into gage holding 
head by 2 fingers to insure 








When gaging gages 


DON'T 


use handle on set plug 
when setting fixed gage 


( 


DO tum plug by the shank with 2 
><" __ fingers to insure correct torque 






check variable gage for ex- 
cessive play 





== 





() 


These illustrations from new SPS booklet show some of the do’s and don’ts of gaging precision threads. 


3A threads: what they are; how to 
gage them— new SPS booklet tells all 





Threads made to Class 3A fit are the most precise in general 
use in industry. But you do not always get the 3A precision 
you specify. Because of many different gaging techniques that 
yield varying results, screws with threads well outside the Class 
3A tolerance limits often pass inspection. 


SPS has prepared a new booklet on this subject. It explains 
clearly what Class 3A threads are and the pros and cons in- 
volved in the widely varying gaging techniques in use today. It 
reviews the gaging of high and low limits of 3A threads, sam- 
pling techniques, and even the methods of gaging gages. 


All standard UNBRAKO socket screw products fall within 
specified tolerance limits no matter what method is used to gage 
them. Leading industrial distributors carry complete stocks. 
Unbrako Socket Screw Division, STANDARD PRESSED STEFI 
Co., Jenkintown 9, Pa. 
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We also manufacture precision titanium 
fasteners. Write for free booklet 


Form 2239, “Class 3A Threads: what the) 


are; how to gage them.’ !6 pages, with 





many illustrations. Write for free copy today. 


Class 3A Threads 


as 


STANDARD PRESSED STEEL CO. 


SS 
UNBRAKO socker screw DIVISION $ 


JENKINTOWN PENNSYLVANIA 
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Terminal breakdown 
problems solved 

on airborne radar 
transformers... 


> 
J 





HIGH-TEMPERATURE, HIGH-VOLTAGE 


_ TERMINALS 


y a 
> 


P Today’s aircraft fly at faster speeds and 
higher altitudes, causing components to 
undergo extreme temperature change and 
mechanical shock. In addition, high braz- 
ing temperatures weaken glass type seals, 
resulting in a high reject rate. Installation 
of ADVAC alumina sealed terminals solved 
the problems completely. These super- 
strength terminals are immune to thermal 
shock, offer highest mechanical strength 


and are adaptable for brazing, welding and 
soft soldering. Maximum operating voltage 
is 6500 V. 

( qacati oe AVs ble 
on request. Please address inquiries to 
1) I MI 


~ ADVANCED 


VACUUM 
PRODUCTS - INC 


430 Fairfield Avenue, Stamford, Connecticut 
Telephone: DAvis 4-2148 


n 
) 

J 
) 


ON OF GENERAL CERAMICS CORPORATION 
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Quick-Make Manual 
Circuit Breaker Mechanism 


(Continued trom page 150) 





prop latch (part 11) meanwhile has been rotated counter- 
clockwise by the first stage closing cam, latching the 
roller carrier to hold the breaker contacts closed when 
the operating handle is released by the operator to 
return to normal, Fig. 4. 

\utomatic tripping sequence, Fig. 5, starts when the 
overcurrent armature trip screw (part 12) strikes the 
tripper (part 13) on tripper bar (part 14) to release 
the latch on the latch bar assembly (part 15). This 
allows the primary latch (part 7) to rotate counter- 
clockwise, removing the roller-carriet support. The roller 
carrier moves downward, guided by a diagonal slot in 
the mechanism housing (part 16) under the influence of 
the breaker opening springs. The jackshaft turns counter- 
clockwise to open the breaker contacts. Mechanism then 
resets automatically to conditions of Fig. 2 as an 
auxiliary spring pulls the roller carrier assembly back 
to support the primary latch. 

For manual trip, pressing a button on the breaker 
faceplate moves a link that cams the latch-bar assembly 
counterclockwise to release the primary latch. 

\ similar mechanism has been designed for remote 
operation. Here the closing springs are charged by 
means of a fractional-horsepower motor, geared down to 
the proper speed. The springs are charged immediately 
upon application of control power and held in position 
by a holding latch until released by energizing a small 
solenoid. 


Organizing Vibration Testing Activities 
in Engineering Development 


(Continued from page 156) 





and transferred to the base plates in order to obtain 
vibration in all three orientations. 

The special test fixture sketched in Fig. 5 represents a 
fixture and test arrangement designed to obtain special 
modes of excitation. In this case. an operating fuel con- 
trol assembly had to be mounted with its axis 25 deg 
from the horizontal, corresponding to its position in a 
climb condition. At the same time, the vibration excitation 
was to be axial. Therefore the specimen was mounted as 
shown on a pair of leaf springs while excitation was pro- 
vided through a 114-in. solid aluminum transmission rod 
connected to the center of the exciter table. A section of 
15-13 threaded rod was used as a fracture point to pro- 
tect the exciter. 


W 


tory to attain specimen accelerations above 30 g, we try 


\ile resonant-beam structures are used in the labora- 
to get power directly from the exciter table whenever 
possible. Cable mounting of specimens is rarely used 
here because the components and assemblies tested ar 
usually not heavy or awkward enough to justify the ad- 
ditional equipment and set-up time. 
















DESIGN ACHIEVEMENTS 





OPTICALLY FLAT CAPACITY COMMUTATOR 
PLATE|SUPRAMICA 500 






RADIATION RESISTANT AIRCRAFT ENGINE 
CONNECTOR/|SUPRAMICA 555 


SUPRAMICA ceramoplastics provide broader 
design scope for product engineers 


Increased thermal endurance. . . total, permanent dimen- 
sional stability . . . better electrical properties . . . lower 
density and improved machineability of SUPRAMICA 
ceramoplastics bridge the design gap between organic 
plastics and conventional ceramics. The world’s most 
nearly perfect insulation, SUPRAMICA ceramoplastics 
allow product engineers to meet the requirements of 
today’s thermal problems. 

There is no possibility of shrinkage, growth or age poly- 
merization since the materials are completely inorganic, 
made with SYNTHAMICA®* synthetic mica. Metal inserts 


molded in SUPRAMICA ceramoplastics cannot loosen dur- 
ing thermal cycling because coefficients of expansion are 
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HIGH-TEMPERATURE AIRCRAFT TERMINAL 
BLOCK|SUPRAMICA 560 


HIGH TEMPERATURE FIREWALL 
THERMOCOUPLE/|SUPRAMICA 555 


HIGH TEMPERATURE ceramoplastic INSULATION 





HIGH-TEMPERATURE A-N CONNECTOR 
|SUPRAMICA 560 








ORGANIC VAPOR FREE HIGH TEMPERATURE 
SEALED RELAY/|SUPRAMICA 555 










closely matched. Other desirable properties are high di- 
electric strength, radiation and arc resistance, low elec- 


trical loss, resistance to moisture, oil and organic solvents. 
In thousands of military and critical industrial applica- 
tions, SUPRAMICA ceramoplastics are contributing to 
better, safer, more reliable operation of electrical and 
electronic equipment 


Write for complete technical information. 

SUPRAMICA* 560 — for temperatures over 500°C (932°F) 
SUPRAMICA* 555 — for temperatures up to 650°F 
SUPRAMICA* 500 — sheet and rod material for machining 


*SUPRAMICA is a registered trademark of Mycalex Corporation 
of America. 560 and 555 and 500 are trademarks of Mycalex 
Corporation of America 

SYNTHAMICA is a trademark of Synthetic Mica Corporation, a 
subsidiary of Mycalex Corporation of America 





FRamop.ast 


CORPORATION OF AMERICA 


EXECUTIVE OFFICES 
30 ROCKEFELLER PLAZA 


NEW YORK 20, NEW YORK 
z 


© 
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GENERAL OFFICES AND PLANT SALES OFFICES 
CLIFTON, NEW JERSEY CHICAGO LOS ANGELES DAYTON 


WASHINGTON 





~ MIAMI 






WORLD’S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODIICTS. 
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A-O WIRE 
CONNECTOR 


Smaller parts and products with low 
current requirements require a com- 
pact screw-on wire connector. 
IDEAL’S all-new A-O Connector 
meets this need .. . joins most com- 
mon wire combinations from #18 to #24 quickly, per- 
manently. It twists, threads, grips and insulates in one 
simple operation, and can be applied by hand or me- 
chanical driver. 
Tough, non-porous plastic shell provides excellent in- 
sulation, resists nearly all chemical action, takes minimum 
space. Non-abrasive threads grip firmly but never damage 
even the finest wire strands. For 300 V. use. 
If your products require wires smaller than #18, you 
can save production hours, increase quality, and prac- 
tically eliminate rejects by using IDEAL’S A-O Connector. 
For wires larger than #18, there are four basic sizes 
including a “hi-volt” approved for 600 V. use and up to 
1000 V. in lighting fixtures. Try them all at our expense. 


MAIL COUPON FOR FREE SAMPLES 


Team them Up with 
NEW LOW-COST “‘Split-Second”’ 


ELECTRIC 


Costs Less than 

Standard Torque Tools 
Splined Driver Socket provides ex- 
actly right twist and tension for Per- 
fect connections every time! Light 
hand-squeeze control. Motor stalls at 
Proper connector tension—can’t twist 
off wires. No clutch, nothing to get 


out of order. 5 Driver Socket sizes. F~ 
oe oS 


SOLD THROUGH AMERICA'S LEADING DISTRIBUTORS 
In Canada: Irving Smith, Ltd., Montreal 
IDEAL INDUSTRIES, INC 
1008-L Park Avenue, Sycamore, Illinois 
Please send FREE SAMPLES of IDEAL All- 


Plastic Connectors. We connect —— 
No wires to Now 


Send free catalog data on IDEA! Connector Driver. 
Name.. 

Company 

Address. 


Zone... .State 
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Ultrasonic Dispersion 
from Fluid-Flow Energy 


(Continued from page 146) 


after trial in a pilot plant may lead to large-scale produc- 
tion. Full exploitation of the ultrasonic technique in the 
manufacture of emulsions and dispersions has been limit- 
ed by the absence of laboratory units of a size suitable for 
experimental lots of material. The Minisonic model of 
the emulsifier, Fig. 5, is for laboratory or pilot plant use, 
and is similar to the Rapisonic in principle of operation. 
It is a batch-type machine with a capacity of one gallon 
in the double-shell. funnel reservoir. Progress of emulsi- 
fication can be observed in the transparent hose running 
from the ultrasonic head to the reservoir. All parts of the 
Minisonic design that are in contact with the material 
to be processed are of stainless steel or corrosion-resistant 
alloys. 
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Design and Application 
of Hysteresis Clutches 


(Continued trom page 127 


cause of the great reduction in air density at altitudes of 
the order of 50.000 feet, the heat dissipated from the 
clutch cup is reduced to the point where radiation loss 
becomes an appreciable part of the total heat dissipated. 
For high altitude slip service the outside of the clutch 
ring supporting cup should be finned to enable the dis- 
sipation of as much heat as possible. The fins should be 
made of a material which is a good heat conductor. As 
a rule, short, thick fins are more effective than long, thin 
ones. 

The pressure head developed by the poles acting as a 
fan revolving at constant speed varies directly with the 
air density. Therefore in a self-ventilated hysteresis clutch 
the weight of air flow is directly proportional to the air 
density. For non-pressurized applications, the coil tem- 
perature rise at altitude may be estimated by using 
equation (17) with the following value of peripheral 


speed . 


5 (19) 
vot 
W here 


V equivalent peripheral speed at altitude in thousands 
of ft per min 
actual peripheral speed at pole faces in thousands of 
ft per min 
air density in pounds per cubic foot at the desired 
altitude 
air density in pounds per cubic foot at sea level 
The air densities required for substitution in equation 
(19) may be obtained from the curve of Fig. 25. If the 
proper values are applied to the clutch for which a tem- 
perature rise of 34 C was previously obtained, assuming 
an altitude of 50,000 ft, a predicted temperature rise of 
165 C is obtained. This rise, while high, may in some 
instances be offset somewhat by a reduction in the am- 
bient temperature. At 50,000 ft, this temperature is —62 
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SUPE RIOR 


or 


hardened and tempered 


STAINLESS STRIP STEEL 


— Made in our nev 
Superior Steel 


CORPORATION 


widths up to 20 inches 





DIP COATINGS for PAC 


Components produced by Erie Resistor Corp. for 


Pre-Assembled 


quick installation in printed wiring boards are 
mechanically strong, heat-resistant, non-conductive. .made 


with DUREZ RESIN COMPOUNDS 


SA 


Phenolic Plastics that Fit the Job 


da 


CHEMICALS 
PLASTICS 


For full information and 
data on special phenolic resin 
compounds developed for 
electronic Coatings, please write 


DUREZ PLASTICS DIVISION 
HOOKER ELECTROCHEMICAL COMPANY 
1312A Walck Road, North Tonawanda, N.Y. 
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7 a 
Staggered 


starting of 
electric 
motors... 


AGASTAT 


y Time / Delay / Relay 


AGASTAT allows you to stagger the starting of three motors 
without imposing their load on the line at the same time 
The AGASTAT is ® electrically actuated, pneumatically timed 

® light, versatile, dependable 


® instantaneous recycling. 

® adjustable in timing from 0.1 second to more than 
10 minutes 

® available in AC or DC models which offer delays 
on energizing and de-energizing, manually-actuated 
time delay switch, remote push button control, her- 
metically-sealed units 


Write our application engineers for help with 
your timing problem. Address Dept. A25-1221 


Elastic Stop Nut Corporation 
of America 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 
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C. as indicated in Fig. 26. In supersonic aircraft and 
euided missile applications, increases in ambient tem- 
perature resulting from skin friction would. of course, 
have to be considered. 

For high temperature operation, wire insulation, in- 
sulating varnish and a bearing lubricant adequate for the 
temperatures to be encountered should be used. It is gen- 
erally not satisfactory to use teflon-covered wire on a 
high speed rotating member because of its tendency to 
cold flow. Encapsulation of the coil may help in this 
respect. 

Since hysteresis clutches have brushes and slip rings, 
a unit designed for high altitude operation should have 
brushes properly treated for operation at the maximum 
altitude to be encountered. Otherwise the low moisture 
content of the air at high altitudes may cause rapid dis- 
integration of the brushes. The moisture in the air. or 
something which may take its place, is necessary for for- 
mation of the lubricating film which builds up between 
the brush face and the slip ring surface. 

Only a few of the many problems arising in connection 
with the design and application of hysteresis clutches have 
been treated in this article. In attacking some of these 
problems the hysteresis clutch designer has relied heavily 
on experience gained with related devices. but it appears 
certain that the unique properties of the clutch will be 
subjected to further study and development in the future. 
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Research Progress 
in Dielectrics—1957 


(Continued from page 103) 


Company.* The basic method is a modification of previ- 
ous methods developed by others. Cylindrical samples of 
the dielectric under test are inserted into an open-ended, 
coaxial, air-dielectric slotted line and the frequency is 
adjusted until a voltage minimum is obtained in the air- 
filled section of the line close to the end of the dielectric 
sample. The dielectric constant is readily calculated from 
the frequency and the sample length; the dissipation fac- 
tor is determined from a measurement of the voltage 
standing-wave ratio. Calculations do not involve solution 
of complex transcendental equations. 

Use of an open-ended line simplifies the insertion of 
the samples and eliminates the need for, and complication 
of. the quarter-wavelength short-circuited air line used 
to produce an open circuit in previous open-circuit: meth- 


*Mir. O'Brier « now wit Ramo-Woeldridge Corporation 
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TO REPLACE A RIVET Rollpin’s spring 

action firmly fastened radio transformer 
laminations in place and did two things a 
rivet couldn’t do—aligned the laminations 
and compensated for minor hole variations. 


Where can you use this 
simple fastener? 


If you use locating dowels, hinge pins, rivets, set screws 
‘_or straight, knurled, tapered or cotter type pins, Rollpin 
offers the opportunity of a better method that can cut 
assembly and maintenance costs. This slotted tubular steel 
pin with chamfered ends eliminates special machining, 
tapping, and the need for precision tolerances. Driven into 
a hole drilled to normal production standards, it locks 

securely in place, yet can 

readily be drifted out and 


reused whenever necessary. 


TO REPLACE A STOP PIN 
Rollpin’s self-locking action elimi 
nated staking or peening opera- 
tions required to retain a straight 
solid pin. 


3 Better Methods 
with ROLLPIN 


TO REPLACE A SET SCREW on 
automobile brake handle, Rollpin 
is self-retained in the hand grip 
but can easily be driven into over- 
drilled hole in shaft to free han 
dle, then removed and used 
again. 


TO REPLACE A DRIVING PIN for a flexible drive shaft on a washing 
machine, Rollpin cut assembly costs by eliminating precision drilling 


and reaming 


—— = MAIL COUPON FOR DESIGN INFORMATION 


Elastic Stop Nut Corporation of America 
Dept. R37-1222 2330 Vauxhall Road, Union, N. J. 


Please send the following free fastener information: 


] Rollpin somples 


] Here is a drawing of our product 
What self-locking fastener would 
you suggest? 


ELASTIC STOP NUT CORPORATION 
OF AMERICA ihn 


Firm 


] Rollpin bulletin 


tH Street 


TRADEMARK 
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Reliance Speed Indicator 


This all electric unit consists of three parts, a pick-up, an 
indicator, and a two wire electric connecting cable. Stand- 
ard scales are available, reading from O to 750, 1500, 2000, 
2500, 3000, 4000, and 5000 rpm. Special scales are avail- 
able that measure in units other than revolutions. 


Reliance Speed Indicators may be mounted either directly 
to the shaft, or offset. An electric connecting cable up to 
300’ long may be used for remote readings. 


A-1567 


LIST PRICE COMPLETE 


$126.20 


Including pick-up, indi- 

cator, mounting parts, 

and 10’ of electric cable. 
Quantity discounts. 


Write for Bulletin A-2405 


RELIANCE incivcteineco-* 


DEPT. 27124, CLEVELAND 17, OHIO 
Sales Offices and Distributors in principal cities 
Circle 332 on page 17 


SPADE BOLTS 


(i! 
a 
| 


| 


SPECIALISTS IN DESIGNING AND MANUFACTURING OF ALI 

URPOSE FASTENERS, WIRE FORMS. TOOLED TO PRODUC! 
VER 1,000 STYLES IN ANY SCREW SIZE, MATERIAL, FINISH 
JUANTITY, OR TO YOUR SPECIFICATIONS 


SERVING INDUSTRY FOR THIRTY FIVE YEARS 
Bulletins Covering Our Complete Line Upon Request. 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES * STAMPINGS * SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22,1LLINO!IS 
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ods or the need for the very low-loss short circuit directly 
at the end of the dielectric-filled line required in previous 
short-circuit methods. 

The slotted line itself consists of an outer bronze tube 
having an inside diameter of 0.562 in. with a 0.002 in. 
overlay of silver on the inner surface and an inner tube 
0.250 in. in diam also with a 0.002 in. silver overlay. The 
line is of suflicient length to accommodate samples up 
to 45 cm in length. 

This instrument, was described as capable of making 
rapid measurements on materials having dielectric con- 
stants between 1 and 10 and dissipation factors between 
0.0001 and 0.1 with an accuracy of about 
in dielectric constant and 


2 per cent 
(5 per cent 0.0001) in 
dissipation factor over the stated frequency range. Figure 
15 illustrates the instrument in operation. 

The difficulties in making dielectric measurements at 
millimeter wavelengths by waveguides and slotted line 
techniques were examined by A. G. Mungall and John 
Hart, National Research Council of Canada.* Such diffi- 
culties arise as wavelength decreases and components 
become too small for fabrication and manipulation. So- 
called “free-space” techniques of a quasi-optical nature 
(in which a beam of radiation is passed through the di- 
electric sample) are preferred for such measurements. 
Some of the problems encountered with these techniques. 
as well as results of measurements of the complex per- 
mittivity of certain materials, were discussed. 

Some preliminary results in investigation of the be- 
havior of dielectric materials in the presence ol strongly 
inhomogeneous electric or magnetic fields were explored 
by Herbert A. Pohl. Princeton University. The results of 
this investigation may have uses in materials engineering. 

Summaries of. or highlights from, selected round-table 
discussions appear in panels throughout this article. 
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525 WATT POTENTIOMETERS 


\RHEOSTATS 
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Saeed 


u 08] 25000 
CLOSED TYPE B83 ” 12] 1645 


$17.60 


Diameter 


OPEN TYPE A3 
$ 13.20 NET PRICE 
F.O.B. BALDWIN, N. Y. TERMS 30 DAYS, 


GRAPHITE {5 
LUBRICATOR »° 
CONTACT BRUSH, 


When ordering state 
TYPE & OHMIC VALUE 


EARLY 


DELIVERY eee 
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fo Loe 999,999 Ohms 
just dial and read! 


aera: aay 


ede)" 


AT YOUR FINGER TIPS at all times — that power 
resistor of any given value from 1 to 999,999 
ohms and 225-watt rating. 


If resistance value is already known, just dial the desired 
ohmage on the six handy dials. Or if unknown, just keep 
dialing for best performance in the actual circuit and for 
the working load, and read the selected ohmage — simply, 
quickly, accurately. 


A “must” in engineering, designing, testing, servicing and 
other activities calling for correct resistance values. Pro- 


SEND FOR LITERATURE . . 
“Power Resistor Decade Box” bulletin. Your Clarostat industrial distributor 


| | 


—_ Se |. 


POWER RESISTOR DECADE BOX 


vides the one universal power resistor for either known or 
unknown resistance values. Does away with a considerable 
stock of miscellaneous power resistors. Eliminates time- 
consuming mathematical computations. Comes up every 
time with the correct, tried-tested-proven, resistance 
value. May be used as integral part of other equipment. 


Feat SF... 


@ Universal power resistor — 1 ohm to 999,999 ohms 
@ 225-watt. 1000-volt max. rating 

@ Six decades for setting and reading 

@ Click-in detent bar knobs for selected settings 


® Used in actual circuits and with actual working loads 
to obtain actual working tolerances 


@ Two sets of terminals taking banana-plug, spade-lug 
and plain wire connections 


@ Adequate ventilation with grille and louvres 
@ Any known or unknown resistance value by simply dialing 


@ May be used in pairs for very high resistance 


values, or as voltage divider 


. Complete details in this 


stocks and demonstrates this instrument. Or order from us direct. 
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WARNER ELECTRIC CLUTCHES EASILY CONTROL 
COMPLEX MOTIONS OF AUTOMATIC PINSETTER 


Electric Motion Control Improves 
Automatic Performance, Gains 
Class II Electrical Approval 


how a manufactur automatic duckpin setters broke a 
eck preventing us tf the machine in many cities . 1m- 
¢ nachine performance and reduced installation and Service 
s with Warner Electric Motion Control. The first pinsetters made 
y Crompton & Knowles Loom Works, Worcester, Mass. for Sherman 
terprises, Worcester, were equipped with mechanical transmission 
in operatic , Fequiring extensive 
juent service while in u n addi 
he mechanically controlled units 
Laboratories refused approval, causing 
peratinyg licenses. 
Clutches was the solution to Crompton & 
ow operating voltage of the Warner system 
Circuit approval . . . installation be- 
iming sequence and operation more 
eid service greatly reduced. 

Control systems offer you pushbutton, 
tralized control integrated with your machine’s electrical circuit 
expand the uses of all types of automatic control devices... 

give you the exact operating characteristics needed to do every iob 


at lower over-all cost. You get faster, more precise starts and 


ops...and you benefit from simplified design and installation 


Use the coupon on the next page to obtain the complete story on 


Warner Electric Motion Control. 


EASILY SOLVES 
POWER PROBLEMS LIKE THESE 


Automobile Air Conditioning— Automatic Stand-By Power Plant—Electric Clutch is 


control provided by Warner Clutch has stationary 
magnetic field mounted on compressor seal plate 
and rotor keyed to compressor shaft with arma- 
ture-pulley mounted on rotor hub. Pulley driven 
by engine crankshaft. Clutch field is energized by 
thermal control coupling armature and pulley, 
driving compressor. Control releases clutch when 
proper temperature is reached 


mounted on shaft between heavy flywheel of 
continuously running electric motor alternator and 
gas engine. Power failure or drop disengages 
motor from prime supply and energizes field, en- 
gaging flywheel with engine. Inertia of wheel 
starts engine, preventing power interruption or 
variance. Sequence occurs instantly with only 4 


or 5 volt lag for a few seconds on 110 volt lines. 


Heavy Truck Fan Clutch— Clutch armature and 
fan are mounted on stationary shaft adjacent to 
rotor and pulley assembly. Integral rotor and 
pulley turn continuously. Field is mounted on water 
pump. Thermal switch in water cooling system ener- 
gizes field, attracting armature and driving fan. 
Intermittent operation makes more horsepower 
available to the vehicle and provides faster 
warmups in cold weather. 





Bobbin Resistor Winder— Unusual use of 
Warner Brake on wire guide carriage. Brake is 
energized continuously to hold worm gear station- 
ary as it traverses machine's screw. When brake 
is de-energized at end of winding operation, 
worm gear is released, returning carriage to start. 
Second brake on spindle stops winding at exact 
preset turn. Two Warner Clutches control winding 
and reversing traverse. 


{ 
| 
| 
| 
| 
| 
| 


, When bowler steps on 
switch at the head of the 
alley, this Warner Clutch 
and timer arrangement 
activates the sweep arm to 
clear “dead” pins from 
the alley. 


ZThe pin table which 
places the pins in position 
or lifts them while sweep 
arm cleans alley is pre- 
cisely controlled by this 
Warner Electric Clutch ar- 
rangement. 


Pins lifted from the alley 
pit are received by the 
distributor table and de- 
livered as required to the 
pin table. This Warner Elec- 
tric Clutch actuates the de- 
livery table sequence. 


ELECTRIC BRAKES 
AND CLUTCHES 


Warner Electric Brake & Clutch Co. 
Dept. EM, Beloit, Wisconsin 


Please send me copy of your new 
Condensed Catalog No. 6212. 


Name 
Company 
Address 


City 
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MATERIALS @ METALS e ELECTRICAL & MECHANICAL PARTS e EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


on page 17. 


ACTUATORS, BALL-SCREW 
Saginaw Steering Gear Div., 
Motors Corp., Saginaw, Mich 


ADHESIVES 


Armstrong Cork Co., 
caster, Pa. 
Durez Plastics 
mical ‘ l 
Tonawanda, N. Y 
Houghton Laboratories, Inc., Olean, N. Y 
Johns-Manville Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, Ill 
Koppers Co., Inc., Chemical Div., Kop- 
pers Bidg., Pittsburgh 19, Pa 

Minnesota Mining & Mfg. Co., 
Products Div., 900 
Paul 6, Minn 


General 


7011 Ingersol, Lan- 


Div Hooker 
1312 Wa 


Electro 
kK Rd N 


Electrical 
Fauquier Ave St 


ALUMINUM. See also Casting 


Alur m ¢ f America M A 
sidg., Pittsburgh 19, Pa 
Aluminum Goods Manufacturing Co. 
Manitowoc, Wis 
American Brass Co., Waterbury 20, Conn 
Hunter-Douglas Aluminum Corp., Dept. 
EM Riverside, Calif 
Kaiser Aluminum and Chemical Sales 
1924 Broadway, Oakland 12, Calif 
Revere Copper and Brass, Inc., 230 
Ave., New York 17, N. ¥ 
Reynolds Metals Co., P.O. 
Louisville 1, Ky 


Inc., 
Park 


Box 1800-ED, 


AMMETERS. See Instruments 


AMPLIFIERS, ELECTRONIC 


Aerovox Corp., New Bedford, Mass 
Daystrom Transicoil Corp Worcester 
Montgomery County, Pa 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. ¥ 
Kearfott Co., Inc 
Clifton, N. J 
Librascope, Inc., 
jale 1, Calif 
Magnetic Amplifiers, Inc 
New York 55, N. Y 
Nothelfer Winding 
Box 455, ept. 101 
Sanborn Co., 175 
Mass 
Servowechanisms, Inc., 
Brooklyn Ave., Westbury, L. I 
Servospeed Co., Div. of 
Inc., 4 Godwin Ave., 
United Transformer Co., 
York 13, N.Y 
Vickers Electric Div., Vickers, 
Locust, St. Louis 3, Mc 
Westinghouse Electric Corp 
ter, Bldg. No. 8, 401 
Pittsburgh 80, Pa 
Weston Electrical Instrument Corp 
of Daystrom, Inc 
Newark 5, N. J 


1378 Main  Ave., 


808 Western Ave., Glen- 


, 632 Tinton Ave., 


Laboratories, P. O 
Trenton 3, N. J 
Wyman, Waltham 54, 
Mechatrol Div., 17 
ee 
Electro- Devices, 
Paterson 1, N. J. 
150 Varick, New 
Inc., 1803 
Gateway Cen 
Liberty Ave., 


, A sub. 


614 Frelinghuysen 
Ave., 


ANODES, PLATING 


American Brass Co., Waterbury 20 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 

— & Co., Inc., 113 Astor, Newark 5, 
N.d 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn, 

General Plate Div., Metals and Controls 
Cort 1912 Forest Attleboro, Mass 
(Silver, Gold) 

Handy & Harman, 82 Fulton, 
38, N. Y. (Silver, Gold) 

Hussey & Co., C. G., Pittsburgh 19, Pa 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. ¥ 

Seymour Manufacturing Co., 
Conn 


Conn. 


New York 


Seymour, 


ASBESTOS SLEEVING. See Sleeving and 
Tape, Asbestos 


AUTOMATION EQUIPMENT 

Stromberg -Carlsor A Div of 
Dynamics Cort 117 
Rochester 3, N. Y 


BALANCING MACHINES 

General Electric Co 
Schenectady 5, N. Y 

Hickok Electrical Instrument Co 
Dupont Ave., Cleveland 8, Ohi 

Micro Balancing In Herricks 
Garden City Park, N. Y 


Apparatus Sales Diy 
10514 
Ra, 
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Westinghouse Electric Corp., Gateway Cen 
ter Bldg. No. 8, 401 Liberty Ave.. 
Pittsburgh 30, Pa 


BALLS, BEARING 

Hoover Ball & Bearing Co., 326 E. Hoover, 
Ann Arbor, Mich 

SKF Industries, Inc., Philadelphia 32, Pa 


BATTERIES, DRY 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind, 

National Carbon Co., Inc., A Div. of 
Union Carbide Corp., 30 E. 42nd, 
New York 17, N. Y. 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, . J. 


BATTERY ELIMINATORS. 


Power 
Supply Units; Rectifiers. 


See 


BEARINGS, BABBITT 


Ryerson & Son, Inc., Joseph T., Chicago 
80, Ill 


BEARINGS, BALL (Miniature) 


Miniature Precision Bearings, Inc., 
Precision Park, Keene, N. H 
New Departure Div. of General 
Corp., Bristol, Conn 

New Hampshire Ball Bearings, Inc., Peter- 
borough, N. H 

United 
f The 
N. J 


611 


Motors 


States Gasket Co., Plastics Div. 


Garlock Packing Co., Camden 1, 


BEARINGS, BALL and ROLLER 
(Radial and Thrust) 

Hoover Ball & Bearing Co., 326 E. Hoover, 
Ann Arbor, Mich 
New Departure Div 

Corp., Bristol, Conn 
Nice Ba Bearing Co., 30th & Hunting 
Park Ave., Philadelphia 40, Pa 
SKF Industries, Inc., Philadelphia 32, Pa 


of General Motors 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 

Amplex Div., 
Mict 

Radio Cores, Inc., 
Lawn, Ill 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich 


Chrysler Corp., Detroit 31 


9540 Tulley Ave., Oak 


BEARINGS and BUSHINGS, METAL 
(Brass, Bronze, Steel, etc.) 
American Crucible Products Co., 1365 
Oberlin Ave., Lorain, Ohio 

Amplex Div., Chrysler Corp., Detroit, 
31, Mich 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

United States Graphite Co., 1621 Holland, 
Saginaw 8, Mich. 


BEARINGS and BUSHINGS. 
NON-METALLIC 
General Electric Co., De- 

eatur, Ill 
National Carbon Co., Inc., A Div. of Union 
Carbide Corp. 30 E. 42nd, New York 
ay os 2 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del 
Radio Cores, 
Lawn, Ill 
Richardson Co,, 2799 Lake, Melrose Park, 


Il 


Plastics Dept., 


Inc., 9540 Tulley Ave., Oak 


Ryerson & Son, Inc., Joseph T., Chicago 
80, Til 


Spe one Fibre Co., Inc., Tonawanda, 

Westingt ouse Electric Corp., Gateway Cen- 
ter Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30, Pa 


BELLS 


Stromberg -Carlson A Div of 
Dynamics Corp., 117 
Rochester 3, N. ¥ 

Wheelock Signals, Inc., 
Ave., Lone Branch, N. J 


General 
Carlson Rd.. 


273 Branchport 


SELT DRIVES. See Drives, Belt. 


BENDERS, BRAKE and SHEARS 


Ryerson & Son, Inc., Joseph T 


Chicago 
80, Ill 


BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 

Mallory & Co., Inc., P. R., 
6, Ind 

Riverside-Alloy Metal Div., H. K 
Co., Inc., Riverside, N. J 


Indianapolis 


Porter 


BIMETALS, See Thermostatic Bimetals 


BITS, SCREW and BOLT. 
Screw Keys and Wrenches. 


See Socket 


BLADES, FAN 


Torrington Manufacturing Co., Torrington, 
Conn 


BLOCKS, PILLOW 
SKF Industries, Inc., Philadelphia 32, Pa 


BLOCKS, TERMINAL. See Strips, Blocks 
and Boards, Terminal. 


BLOWERS. See Fans and Blowers. 
BOLTS. See Fasteners 


BOXES, METAL. See Sheet Metal Fabri- 
cators 


BRAKES, BENDING. See Benders, Brake 


and Shears. 


BRAKES, MAGNETIC 


Cutler-Hammer, Inc., 1264 St. 
Milwaukee 1, Wis 

Eaton Mfg. Co., Dynamatic Div., 
Fourteenth Ave., Kenosha, Wis 

Stearns Electric Corp., 120 N 
Milwaukee 2, Wis 

Warner Electric Brake & 
Dept. EM, Beloit, Wis. 


Paul Ave., 


3307 
Broadway, 


Clutch Co., 


BRASS, BRONZE and COPPER (All 
Commercial Forms). For Wire, see Wire 
and Cable, Bare. 


American Brass Company, Waterbury 20, 
Conn. (Also Tobin Bronze, Chromium 
Copper and Selenium Copper Alloys) 

Chase Brass & Copper Co., sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Driver Co., Wilbur B., 1875 McCarter 
Highway, Newark 4, N. J. 

Hussey & Co. C. G., Pittsburgh 19, Pa 

Iisco Corp., Dept. F-12, 4730 Madison 
Rd., Cincinnati 27, Ohio (Copper Tub- 
ing) 

Revere Copper and Brass, 
Ave., New York 17, N. Y 

Somers Brass Co., Inc., 110 Baldwin Ave., 
Waterbury, Conn. (Strip) 


Inc., 230 Park 


BRAZING ALLOYS, SILVER 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 5, 
N.d 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

General Plate Div., Metals and Controls 
Corp., 1912 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
38, N. Y¥. 

Mallory & Co., Inc., P. R., 
6, Ind. 

Ney Co., J. M., P. O. Box 990, Hartford 1, 
Conn. 


Indianapolis 


BRONZE. See Brass, Bronze and Copper: 
Phosphor Bronze. 


BRUSH CAPS 

Midwest Molding & Mfg. Co., Gurnee 96, 
Til 

Phoenix Electric Mfg. Co 
Chicago 24, Lil. 


, 4211 W. Lake, 


BRUSHES: CARBON, GRAPHITE. 
METAL-GRAPHITE 


National Carbon Co., Inc., A Div. of 
Union Carbide Corp., 30 EK 42nd, New 
York 17, N. ¥ 

Speer Carbon Co., St. Marys, Ps 

Stackpole Carben Co., St. Marys, Pa 

United States Graphite Co., 1621 Hollang 
Saginaw 8, Mich 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave., Pitts 
burgh 30, Pa 

Wilson Co., H. A., 


Route 22, Union, N. J 


BRUSH HOLDERS. See Holders, 
Commutator Brush. 


BUSHINGS 


Bearings. See Bearings and Bushings 

Composition. See Plastics Molders 

Fibre. See Fibre, Vulcanized. 

Glass. See Glass, Technical 

Hermetic Seals. See Seals 
inals, Hermetic 

Mica, See Mica 

Porcelain. See Ceramics 

Rubber. See Rubber and Rubber Prod- 
ucts. 


and Term 


CABINETS, SHEET METAL. See Sheet 
Metal Fabricators 


CABLE. See Wire and Cable. 


CABLE ASSEMBLIES and HARNESSES. 
See Harnesses and Assemblies, Wire 


CAMBRIC, VARNISHED. 
Insulating 


See Fabrics. 


CAPACITORS 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 

Aerovox Corp., New Bedford, Mass. 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis 

Centralab, Div. of Globe-Union, Inc., 
914 E. Keefe Ave.. Milwaukee 1, Wis. 

Cornell-Dubilier Electric Corp., South 
Plainfield, N. J 

Corning Glass Works, Technical Products 
Div., Corning, N. Y. (Metallized Glass) 

Eitel-McCullough, Inc., San Bruno, Calif. 

Erie Resistor Corp., Electronics Div., Erie, 
Pa 

Fanstee! Metallurgical Corp., North Chi- 
cago, Ill. (Tantalum) 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y 

Jennings Radio Manufacturing Corp., 
McLaughlin Ave., P.O. Box 1278, 
Jose 8, Calif 

Johnson Co., E, F., 2331 Second Ave., 
S. W., Waseca, Minn 

Mallory & Co., In., P. 
6, Ind 

Radio Condenser Co., 
Camden 3, N. J 

Sangamo Electric Co., Electronic Compo- 
nents Div., Springfield, Ill 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Stackpole Carbon Co., St. Marys, Pa. 

Texas Instruments Incorporated, 6000 Lem 
mon Ave., Dallas 9, Texas. 


970 
San 


R., Indianapolis 


Davis & Copewood, 


CAPS and PLUGS, PROTECTIVE 


Protective Closures Co., Inc CaP lugs 
Div., 2201-3 Elmwood Ave., Buffalo 23, 
a. e 


CARBON and GRAPHITE: 
Electrodes, Anodes, 
Piles, Plates, 
ote.) 

Erie Resistor Corp., Electronics Div., Erie 
Pa 

General Ceramics Corp., Keasbey, N, J 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa 

United States Graphite Co., 
Holland, Saginaw, Mich 


CASTINGS, ALUMINUM and 
MAGNESIUM. See also Castings, 


Aluminum Co. of America 2315-M 
Bidg., Pittsburgh 19, Pa 

Twin City Die Casting Co., 33rd & Talmage 
Ave., S. E., Minneapolis, Minn. 


(Contacts, 
Bearings, Discs 
Plungers, Rings, Seals, 


1621 


Die 
Alcoa 


CASTINGS, BRASS, BRONZE, COPPER 


Philadelphia Bronze & Brass Corp., Sub 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 


CASTINGS, DIE 


Aluminum Co, of America 
Bidg., Pittsburgh 19, Pa. 

Doehier-Jarvis Div. of National Lead Co., 
Toledo 1, Ohio 

Gries Reproducer Corp., 
Ave., New Rochelle, N. Y 

Hoover (Co., Die 
Canton, Ohio 

Madison-Kipp Corp., 214 Waubesa, Madi- 
son 4, Wis 

Merkle-Korff Gear Co., 
Chicago 7, Ill 

New Jersey Zinc Co., 
York 38, N. Y. 
loys) 

Stewart Die Casting, A Div. 
Warner Corp., 4535 W. 
Chicago 39, Ill. 

Twin City Die Casting Co., 33rd & Talmage 
Ave., S. E., Minneapolis, Minn. 


2315-M Alcoa 


149 Beechwood 
(Zine) 


Casting Div., North 


211 N. Morgan 


160 Front, New 
(Zinc Die Casting Al 


of Stewart 
Fullerton Ave., 


CASTINGS INVESTMENT 


Allis-Chalmers, Milwaukee 1, Wis 
International Nickel Co., Inc.. 67 Wall, 
New York 5, N. Y. (Nickel and Alloys) 


CASTINGS, LEAD 


Twin City Die Casting Co., 
mage Ave., S. E., 


33rd & Tal 

Minneapolis, Minn 

CASTINGS, STEEL 

Lebanon Steel Foundry, 82 Lehman, Leba- 
non, Pa 


CATHODE RAY TUBES. 
Cathode Ray. 


See Tubes. 


CEMENT, INSULATING and SEALING 


du Pont de Nemours & Co., (Inc.), E. I., 
Plastics Div., Polychemicals Dept., Wil- 
mington 98. Del 
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Called “TOPS” By a ee 


STILL-MAN 


ELECTRIC TUBULAR 
HEATING ELEMENTS 


*& TOP PERFORMERS 
* TOP QUALITY 
%* TOP WORKMANSHIP 


at LOW COST TO YOU! 


Built for application wherever space limitations, 
long life, fast heat and high efficiency are factors 
in design. 

Millic @ are now in use as standard equipment in 
hme #: leading nationally advertised electrical 
appliances. 

Available in copper, cold rolled steel and acid 
resisting steel alloy in standard sheath diameters tor 
casting-in or immersion use. When writing, specify 
use, wattage and maximum temperature require- 
ments. An inquiry, NOW, will prove profitable to 
you! 


STILL-MAN MANUFACTURING CORP. 
431 EAST 164 ST., NEW YORK 56, N.Y. 


Circle 337 on page 17 


PECIFY STA-KON 


ae = a beseey 


md 


SELF-INSULATED TERMINALS! 


Take advantage of 
e lowest installed cost 


— 


® pressure-connector permanence 
e self-insulated safety 


This complete line of self-insulated Sta-kon terminals gives 
you positive assurance against accidental contact by adja- 
cent terminals. Easier-than-ever to install, they provide 
highly conductive joints . . . large contact areas ... tough, 
stable Nylon insulation . . . and a permanent, vise-like grip 
on the conductor. Color-coded by size for instant identifica- 
tion. Three sizes of terminals will accommodate #22 through 
710 AWG sizes. Available in ring and fork tongues, as well 
as special styles. Write for our NEW Bulletin 82, showing 
the complete line of Sta-kon terminals, connectors and 
installing tools. 


THE THOMAS & BETTS CO. 


INCORPORATED 
28 Butler Street, Elizabeth 1, New Jersey 


THOMAS & BETTS LTD., Montreal, P. Q., Canada 


ENGINEERED 
VANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 
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Durez Plastics Div., Hooker Electrochemi 
‘ 2 Walck Rd., N. Tonawanda 

eS 

General Electric Co., 
Decatur, Ill 

Johns-Manville. Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, Ill. 

Sauereisen Cements Co., Pittsburgh 15, Pa 

Zophar Mills yo 112-130 26th, Brook 


Plastics Dept.. 


lyn & N 


CERAMICS 


Standard & Special Electrical 
Porcelain (low-volt) (A 
Refractory Porcelair B 
High-voltage Porcelain Cc) 
Cordierite (‘D 
Zircon Porcelain (E 
Steatite (Lava (F 
Titanates (G 
Cement- Asbestos (H 
Ferrites (1 
Akron Porcelain Co. 
Akron 14, Ohio (AB 
Alcor Manufacturing Co., 4444 W. Roose 
velt Rd., Chicago 2. Til. (A) 
Ame a Lava Corp., Chattanooga 5, Tenr 
CDEFG 
Centralab, Div 


Cory Ave 


of Globe-Union. Inc.. 914 
E. Keefe Ave., Milwaukee 1. Wis. (EF 

Ceramic Specialties Co.. 444 W. 6th, East 
Liverpool, Ohio (ABCF) 

General Ceramics Corp., 
(BEFI 

Knox Porcelain Corp., 
A Bt 

Mycalex Corp. of 
Clifton, N. J 


Keasbey, N. J 


Knoxville 1, Tenn 
America. Clifton Blvd., 
(Glass Bonded Mica) 
elain Co.. New York Ave 
Plun ton 5, N. J. (ABE 
& Seymour, In Solvay Station, 
racuse 9, N. Y. (AF) 
lain Products, I ae Ne Patter 
‘ rey chi 
tee Co., 2799 Lake, Melrose Park 
l. (H 
Rostone Corp , 2405 8. Concord Rd., Lafa- 
yette, Ind 
Square D Co., 
Mich 
Stackpole Carbon Co St 
Porcelain Co., 41 
nton 9, N. J. (BF) 
Clay Products Co., 
Sandusky, Ohio (A) 
Wisconsin Porcelain Co., 122 Lincoln, Sur 
Prairie, Wis. (ABF) 


6060 Rivard, Detroit 11, 


Marys, Pa (1) 
Muirhead Ave 


1540 E 


CHAMBERS, TEST 
Blue M 

Blue 
Int 


Electric Cc 


; : 138th and Chatham 
sland HN 


Ave 


CHARGERS, BATTERY 


Ther Electric & Machine Works 
Jefferson, Chicago 6, Ill 


CHARGERS, MAGNET. See Magnetizers 
and Demagnetizers 


CHOPPERS, ELECTRONIC 


Oak Mfg. Co 1258 Clybourn Ave., Chi- 
cago 10, Ill 


CIRCUIT BREAKERS 

Allen-Bradley Co., 1316 S$ 
waukee 4, Wis. 

Allis-Ch ers, Milwaukee 1, Wis 

Crouse-Hinds Co., Syracuse 1, N. Y¥ 

Cutler-Hammer, Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis. 

E-T-A Products Co America, 5085 N 
: e., Chicago 50, Ill 

Fasco Industries, Inc., Rochester 2, N. Y 

General Electric Co., Apparatus Sales Div., 

vy 


Second, Mi 


Schenectady 5, N ; 
Heinemann Electrie Co., 99 Plum, Tren 
ton 2, N. J 
Pyle-National Co., 1388 N. 
Chicago 5, Ill 


Spencer Therm stat Div., 

trols Corp 

Square D Co., 
kee 12, Wis 

Westinghouse Electric Corp., Gateway Cen- 


ter Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


Kostner Ave 


Metals & Con 
612 Forest, Attlebor Mass 
4041 N. Richards, Milwau 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Elecironie Co., 3552 San Fernando 
Rd., Los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp., New Bedford, Mass 
American Lava Corp., Chattanooga 5, Tenn 
Centralab. Div. of Globe-Union, Inc., 914 
_E. Keefe Ave., Milwuakee 1, Wis 
Croname, Inc., 1769 Grace, Chicago 13, 


Tl 
Daven Co., 536 W. Mt. Pleasant Ave. 
_ Route 10, Livingston, N. J 5 
ae mecioter Corp., Electronics Div., Erie, 
Methode Mfg. Corp., 7447 W. Wilson Ave.. 
a ogee 31, ~ 
Mycalex Corp. of Am 
ae ~ . erica, Clifton Blvd., 
Photocireuits Corp 
Cove, N. Y. 
RCA Electron Tube Div., Radio Corp. of 
_ America, Harrison, N. J. 
Sprague Electric Co., 307 Marshall, North 
Adams, Mass 
United States Gasket Co., Plastics Div. ef 
7 Packing Co., Camden 1, 


Dept. EM-9, Glen 


CLAMPS and CLIPS, GROUND an 
TEST a 

Burndy 
Conr 

Is Corp., Dept. F-12, 47 
Cincinnati 27, Ohio 

Sherman Manufacturing Co 
Creek, Mict 


Corp., QOmaton Div., Norwalk. 


I ) Madison Rd 


, H. B., Battle 


28 Butler 


I 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm, Syca 
more, Ill 
Weckesser Co., 5256 N. 


Chicago 30, 11 


Avondale Ave 


CLEANING COMPOUNDS, METAL 
Zophar Mills, Inc., 112-130 26th, Brook 
n 32, N. Y. 


yn oe 


CLIPS, SNAP. See 


Snap. 


Rings, Retainer and 


CLOTH, 


sulating 


INSULATING. 


See Fabr 


CLOTH TRACING. See 
Film and Paper 


Tracing 


CLUTCHES, ELECTRIC 


Carlyle Johnson Machine Co., 
Conn 

Cutler-Hammer, Inc., 
Milwaukee 1, Wis 

Eaton Mfg. Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, Wis 

Radio Condenser Co., Davis & 
Camden 3 N. J 

Stearns Electric Corp., 120 N 
Milwaukee 2, Wis 

Vickers Electric Div., Vickers, In 
Locust, St. Louis 3, Mo 

Warner Electric Brake & Clut Co 
Dept. EM, Beloit, Wis. 


Mar 
1264 St. Paul Ave 
Copewood 
Broadway 


1803 


CLUTCHES, MECHANICAL 
Curtiss-Wright Corp., 
145 Galewood Dr., 


Marquette Div 
Cleveland 10, Ohiec 


COAXIAL CABLE. See Wire and 


Insulated 


Cable 


COIL CORES and FORMS 


American Lava Corp., Chattanooga 5 
Cambridge Thermionic Corp., 453 (€ 
Ave., Cambridge 38, Mass 
Cleveland Container Co., 6201 
Ave., Cleveland 2, Ohio. 

Continental-Diamond Fibre, A Sub 
Budd ¢ Newark 13, Del 

Cosmo Plastics Co., 3239 W 
land 9. Ohle 

Ferroxcube rp of Amer ’ 5 
Bridge Augertie N \ 

trie Reproducer Corp 149 

New Rochelle, N c 
Corp. of America, 
N. J 

National Vulcanized Fibre Co 
ton 99, Del 

Paramount Paper Tube Ce., 612 
ette, Fort Wayne 2, Ind 

Precision Paper Tube Co., 
Charleston, Chicago 47, Til 

Radio Cores, Inc., 9540 Tulley 
Lawn, Il 

Stackpole Carbon Co., St. 
Screw-type, Molded Iron 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co Camden 
N. J 


Tenn 


ncord 
Barberton 
of The 


14th, Cleve 


Beechwood 


Clifton Blvd. 


Wilming 
Lafay- 
2035 W 
Ave., Oak 
Marys, Pa 


COILS and WINDINGS 


Acme Wire Co., 1255 Dixwell 
Haven 14, Conn 

Anderson Controls, Inc., 
Rd., Des Plaines, Il. 

Audio Development Co., 2836 
South, Minneapolis 7, Minn 

Caledonia Electronics & Transformer Corp 
Dept. EM-10, Caledonia, N .Y 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass 

Comar Electric Ce., 3349 Addison, Chi 

cago 18, Il 

Corning Glass Works, Technical 
Div., Corning, N. Y. (Glass Ind 

Coto-Coil Co Inc., 63 Pavilion 
Providence 5, R. I 

Cutler-Hammer, Inc., 
Milwaukee 1, Wis 

Dano Electric Co., 93 
Conn 

Deluxe Coils, Inc 
Ind 

Dormeyer Industries, 34 
Chicago 41, 

Federal Telephone and Radio Co., Div. of 
International Telephone and Teiegrapt 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y. 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. ¥ 

Iisco Corp., Dept. F-12, 4730 Madi 
Cincinnati 27, Ohio 

Nothelfer Winding Laboratories, P. O 
Box 455, Dept. 101, Trenton 3, N. J 

RCA Electron Tube Div., Radio Corp. of 

E 
Ss 


Ave., New 
9777 


Mannheim 


13th Ave., 


Products 


1264 St. Paul Ave 
Main, 
1300 First, 


Winsted 
Wabash 


24 Milwaukee Ave 


m Rad 


America. Harrison. N. J 

Standard Electrical Products Co., 2240 
Third, Dayton 3, Ohio 

Ther Electric & Machine Works. 
Jefferson, Chicago 6, Ill 

Universal Manufacturing Co., Inc., 410 
Hillside Ave., Hillside, N. J 


COIL WINDING MACHINES 


Boesch Manufacturing Co., Inc 
Conn 

Coil Winding Equipment Co., Oyster Bay. 
N. ¥ 

Fort Wayne Tool, Die & Engineering Co., 
1025 Goshen Rd., Fort Wayne, Ind 

Rex Rheostat Co., Baldwin, L. L, N. Y. 

Stevens Manufacturing Co., Inc., George, 
6922 N. Rogers Ave., Chicago 80, Ill 

Universal Manufacturing Co., Inc., 410 
Hillside Ave.. Hillside, N. J 

Universal Winding Co., P. O. Box 1605, 
Providence 1, R. I 


11A 


, Danbury, 


COLD HEADED PARTS. See Fasteners. 
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Prongs snap into 
punched or drilled hole 


~ 


— 


CUSTOM-DESIGNED AND MASS PRODUCED 
TO YOUR PARTICULAR REQUIREMENTS 


Dot plug buttons were originally used in ‘auto- 
mobiles to fill spaces on standard models which, 
on de luxe models would be occupied by such 
extras as Cigarette lighters, radio controls and so 
on. They are now also widely used as lenses 
for indicator lights and as identification buttons 
on instrument and control panels of all kinds. 


Availableinclearor colored plastics... brassorsteel 
in all standard finishes... embossed and enamel- 
filled or molded to show company insignia or other 
identification symbols... Dot plug buttons snap 
into place and stay where they’re put even under 
conditions of extreme vibration. Yet they can be 
removed and replaced repeatedly without damage. 


CARR FASTENER COMPANY 


DIVISION OF UNITED-CARR FASTENER CORPORATION 31 Ames Street, Cambridge 42, Massachusetts 


MAKERS OF 


FASTENERS 
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THE BEST 


Why be satisfied with an ordinary 3- to 2-wire adapter when 


you can get the all-new, all-vinyl . . 
ROYAL No. 210 GROUNDING ADAPTER 
at NO EXTRA COST! 


It’s unbreakable . can’t crack, chip, or come apart 
and it has no screws, nuts, eyelets, or rivets to work loose 
or fall out. Blades and contacts are locked permanently in 


solid vinyl. 


Available in black and 
gray ... or special col- 
ors on quantity orders. AN ASSOCIATE OF 
Send for free sample 


and quotation today! 


ROYAL ELECTRIC CORPORATION 


An Associate of International Telephone and Telegraph Corporation 
Pawtucket * Rhode Island 
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COLLARS, SHAFT 


Climax Metal Products 


Co., 
140th Cleveland, 10, 


Ohio 


863 East 


COMMUTATORS 

Electro Tee Corp., 
N. J 

Kirkwood Commutator Corp 4855 W. 
130th, Cleveland 11, Ohio 

Miuwest Molding & Mtg. Co., Gurnee 96, 
th 

Nippert Electric Products Co., 1759 W. 
Mound, Columbus 23, Ohio 

Toledo Commutator Co., South Chestnut, 
Owosso, Mich 

Westinghouse Electric Corp., Gateway Cen- 


ter Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


COMMUTATOR SAWS 
Holub Industries, Inc., 
more, Ill 
Ideal Industries, 
Sycamore, Ill 


South Hackensack, 


and SLOTTERS 
445 Elm. Syca- 


Inc., 1008 Park Ave., 


COMPARATORS, OPTICAL 


Bausch & Lomb Optical Co., 84717 St. 
Paul. Rochester 2, N. Y. 

Opto-Metric Tools, Inc., 137EM Varick, 
New York 13, N. ¥ 


COMPOUNDS, SEALING. See Cement, 
Insulating and Sealing; also Waxes and 
Compounds. 


COMPOUNDS, VARNISH. See Varnishes, 
Compounds and Resins, Insulating. 


COMPUTER COMPONENTS 


Atepen Products Co., Fort Lauderdale, 

a 

Erie Electro-Mechanical Div., Erie Resis- 
tor Corp., Erie 6, Pa. 

Federal Telephone and Radio Co, Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Texas Instruments Incorporated, 6000 
Lemmon Ave., Dallas 9, Texas 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 
Appleton Electric Co., 
2 aoe Chicago 13, Ill 
uchanan Electrical Products Corp. 4 
Rte. 22, Hillside, N. J —— 
Crouse-Hinds Co., Syracuse 1, 
Ideal-Simplet Fittings, Inc 
Industries, Inc., 
more, Til. 


Pyle-National Co., 1388 N. Kostner Ave. 
Chicago 51, Il ‘ 


1723 Wellington 


a aoe. 
, Sub. of Ideal 
1008 Park Ave., Syca- 


CONNECTORS, PRINTED CIRCUIT 
Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 54, Il 


Methode Mfg. Co., 7447 W. Wilson Ave., 
Chicago 31, Tl 


CONNECTORS, WIRE and CABLE 


AMP Incorporated, 5284 Eisenhower Blvd., 
Harrisburg, Pa. 

American Brass Co., Waterbury 20 

Amphenol Electronics Corp., 1830 8 
Ave., Chicago 54, Ill. 

Bendix Aviation Corp., 
Sidney, N. “ 

Buchanan Electrical 
Rte. 22, Hillside, N. 

Burndy Corp., Omaton 
Conn. 

Cannon Electrie Co., 
Humboldt, 

Crouse- Hinds 

General 


Conn. 
54th 


Scintilla Div., 


Froduets, 225 


Div., Norwalk, 
Dept. 
Los Angeles 31, Calif. 
Co., Syracuse 1, N. Y¥ 
Electric Co., Construction Ma- 
terials Div., Bridgeport 2, Conn. 
Holub Industries, Inc., 445 Elm, Syca- 
more, Ill. 
Ideal Industries, Inc. 
Sycamore, Iil 
Ilsco Corp., Dept. F-12, 
Rd., Cincinnati 27, Ohio. 
Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19, IIL 
Johnson Co., E. F. 2331 Second Ave, 
S. W., Waseca, Minn 
Krueger & Hudepohl, 1043 Evans, Cin- 
innati 4, Ohio 
Pass & Seymour, 
Syracuse 9 N. 
Pyle-National Co., 1388 N, Kostner Avve., 
Chicago 51, Tl. 
Sherman Manufacturing Co., H. B., 
Battle Creek, Mich 
Switchcraft, Inc., 1328 N. Halsted, Chi- 
cago 22, Ii. 
Thomas & Betts Co., Inc., 28 Butler, 
Elizabeth 1, N. J. 


500. 3209 


1008-L Park Ave 


4730 


Madison 


ay Solvay Station 


CONTACTORS, 
lays and 


MAGNETIC. See Re- 
Contactors. 


CONTACTS and CONTACT POINTS 


American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 
— & Co., Inc., 113 Astor, Newark 5, 
Brainin Co., C. 8., 
Vernon, N. Y¥ 
Deringer Metallurgical Corp., 8119 Monti 
cello Ave., Skokie, II] 
Eitel-McCullough, Inc., San Bruno, Calif 
Fansteel Metallurgical Corp., North Chi 
cago. Til 
General Plate Div., Metals and Controls 
Corp., 1912 Forest, Attleboro, Mass 
Gibson Electric Co., Old Wm. Penn High 
way, Delmont, Pa 
Mallory & Co., Inc., P. R., 
6, Ind 
Ney Co., J. M.. 
1, Conn 
Stackpole 


318 Washington, Mi 


Indianapolis 
P.O. Box 990, Hartford 


Carbon Co St. Marys. Pa 


Thomson Mfg. Co., L., Dept. D. 
Waltham 54, Mass 


Wilson Co., H. A., Route 22, Union N. J 


Judson 


CONTACTS, CARBON. See 
Graphite 


Carbon and 


CONTACTS, HEATER PLUG aad TAP 
Heyman Mfg. Co., Kenilworth 1, N. J 


CONTOUR PROJECTORS 


Bausch & Lomb Optical Co., 
Paul, Rochester 2, N. Y. 

Opto-Metric Tools, Inc., 187EM Varick. 
New York 13, N. Y. 


CONTRACT MANUFACTURING 


Aluminum Goods Manufacturing Co. 
Manitowoc, Wis. 

Chase Brass & Copper Co., Sub of Ken 
necott Copper Corp., Waterbury 20, Conn 

Croname Inc., 1769 Grace, Chicago 13, [il 

Elgin National Watch Co., Micronice 
Div., Elgin, Ml. 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio. 

Merkle-Korff Gear Co., 211 N. Morgan 


Chicago 7, Mil. 
Stromberg-Carlson, A Div. of General 
a N. Goodman 


84717 St 


Dynamics Corp... 
Rochester 21, N. 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 8. Second, 
Milwaukee 1, Wis. 
Allis-Chalmers, Milwaukee 1, Wis. 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 
Automatic Switch Co., 50-M Hanover Ra. 
Florham Park, N. J. 

Clark Controller Co., 1146 E. 152nd 
Cleveland 10, Ohio. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer Inc., 1264 St. Paul Ave.. 
Milwaukee 1, Wis 

Dales Co., Franklin, 180-14 BEB. Mili, 
Akron, Ohio, 

Electro Products Laboratories Inc., 450) 
N. Ravenswood Ave., Chicago 40, Il) 

Eseco Works, Delta-Star Div., H. K 
Porter Co., Inc., Lockport, Ml. 

Federal Pacific Electric Co., 50 Paris 
Newark 1, N. J. 

Furnas Electric Co., 1024 McKee, Batavia 
Til 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1. Conn 

Servo Tek Products Co., 1086 Goffle 
Rd., Hawthorne, N. J. : 

Square D Co., 4041 N. Richards, Mi- 
waukee 12, Wis 

Vickers Electric Div., Vickers Inc., 1803 


Locust, St. Louis 3, Mo. 
Ward Leonard Electrie Co., 84 South 
Mt. Vernon, N. Y. 


CONTROLLERS, POTENTIOMETER 


Weston Electrical Instrument Corp A 
sub, of Daystrom. Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colmap 
Co 1403 Rock, Rockford, Ml. 


CONTROLS. FLOAT and LIQUID 
LEVEL. See Switches. 


CONTROLS, PRESSURE and TEMPER- 
ATURE. See also Relays, Switches 
Thermostats 


Allen-Bradley Co., 
waukee 4, Wis 
Barber-Colman C¢ 
Rockford, Tl 
Bourns Laboratories, 
Riverside, Calif 
Cutler-Hammer Inc 
Milwaukee 1, Wis 
Edison Industries, Thomas A., 
ment Div., Mc-Graw-Edison 
West Orange, N. J 
Fenwal Inc., 111 Pleasant, Ashland, Mass 
G-V Controls, Inc., 8 Hollywood Plaza 
East Orange, N. J 
General Electric Co., Apparatus 
Div Schenectady 5, N. Y¥ 
Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 
Mercoid Corp., 4201 Belmont Ave., Chi- 


eago 41, Til 
Robertshaw - Fulton Co., 
16, Ohio. 
Metals & Con 


Div., Columbus 

Spencer Thermostat Div., 

trols Corp., 3612 Forest, Attleboro Mass 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis. 

Weston Electrical 
sub. of Daystrom Inc., 
sen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, TM 

Wiegand Co., Edwin L 7530 Thomas 
Blvd Pittsburgh 8, Pa. 


CONTROLS, REMOTE, See Push Button 
Stations; Relays and Contactors; 
Switches 


CONTROLS, 


nisms 


1316 8S. Second, Mil- 


Dept. X, 1203 Rock 


P.O. Box 2112 


1264 St. Paul Ave. 
Instru- 
Co., 


Sales 


Controls Acro 


Instrument Corp., A 
614 Frelinghuy- 


SERVO. See Servomecha- 


COPPER. See Brass, Bronze and Copper 
COPPER, BERYLLIUM. See 


Copper 


CORD 
COIL 


Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, [ll 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenee- 
tady 1 me 

Varflex Corp., 504 W. Court, Rome, N. Y¥ 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 


Beryllium 


and TWINE, ARMATURE and 
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Another NEW CLARE PLANT 
to give you relays 
of unequaled quality 


* Telephone type relays 
(ac and dc) 


* Hermetically sealed 
relays 


* Computer relays 
* Video relays 
* Power relays 


® Mercury-wetted 
contact relays 


*® Relay banks 

* Piate circuit relays 

* Stepping switches 

* Lever, push and turn keys 
* Other special relays 


Before midyear 1958 CLARE will be serv- 
ing customers from a new factory at 
Fairview, N. C.—a facility that will match 
the manufacturing advantages of our 
Chicago plant, itself only five years old. 

This CLARE expansion is made neces- 
sary by the tremendous growth of the 
electronics industry and the increasing 
demand for precise components, includ- 
ing relays whose life can be measured in 
billions of operations. 

Facilities of virtually clinical cleanli- 
ness are required for this kind of pre- 
cision. That's why CLARE plants in both 


CLARE 


FIRST -in the industrial field 
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New C. P. Clare & Co. plant at Fairview, N. C. will expand manufacturing facilities 
which have been under way in Fairview for two years. 


REUVAVS 





















Chicago and Fairview maintain complete 
control of the temperature, humidity and 
cleanliness of the air...immaculate 
walls and floors ... powerful, shadow- 
less lights, for assembly of small parts. 


If yours is a product whose long life, 
reliable performance and freedom from 
maintenance depends on relays, it will 
pay you to know ALL about CLARE 
relays. C. P. Clare & Co., 3101 Pratt 
Bivd., Chicago 45, Illinois. In Canada: 
C.P. Clare Canada Ltd., 2700 Jane Street, 
CHL Ontario. Cable Address: 
CLARELAY 


CORD INSULATED. e re and QOzalid. A 
Cable Ir Film Corp 


CORD, RESISTANCE LINE e Resist DRIVES. BELT 
ance Line Cords Allis-Chalmers Milwaukee 


CORD SETS DRIVES, ELECTRONIC. See also Spee 
Manufacturir 4¢ Reducers a Drives 
: : ee , Eaton Mfg ‘ Dynamatic Div 
Fourteentt Kenosha, Wis 
General Electri Apparat 
Div t t N 
Reliar blectr d ngineering ¢ 


Serv 
Ir 
Westir 
Center 


DUCTS, WIRING (Control! Panel 


CORES, POWDERED METAL 
Transf er; Powders Metal Pr 


CORES, REFRACTORY Ss 


DUPLICATING MACHINES, DIELESS 
CORES, TRANSFORMER See Benders, Brake and Shears 


; ; DYNAMOMETERS 


Chati & So j 85 «Clif? 


Div 


Apparatus 
N. @ 

Springfield 
Cart G 


ELECTRICAL SHEETS. See Stee 


ELECTRICAL PORCELAIN esbureh 80, Fa exgerRo 
IR ES A CORK and CORK COMPOSITIONS 

hs uM i) a is i ELECTRONIC TUBE COMPONENTS 
specifications. Send us , , aan Se attain Wires, Stamp 
your inquiries. COUNTERS. See also Instruments, Ble » Welds, 


Rela n ar av Corp Chattanooga 
D 


NIC COMPONENTS. See 


a 


San Bruno. Calif 
rp., 536-540 63rd 


ENAMELING SHEETS. See Steel. Con 
mercial Fort and Grades 


ENAMELS Lacquers 
Paint es, Fir 
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Cepper Co., Sub. o 
Waterbury 
COUPLINGS, CLUTCH. See 


“ast nios »0l Works 195 
= ” COUPLINGS, FLEXIBLE juir td es ine ae 

( Met Products ¢ ' t tubbe y 
it ( eland 10 } sner z . re 

CRYSTAL DIODES. See Rectifler The Garlock Packing Co mdet 
. tr : “ J 

FABRICS INSULATING Sheets 

CRYSTALS, QUARTZ Tapes, Yarns, Thread, Cord, Ete 
RCA Electror Tube ta Glass Fiber, V ed Cambr ( y 


amb 
4 Hart 


NOW A COMPLETE LINE wo CYLINDERS, AIR 


OF 10 TYPES “D” SERIES 2 DELAY LINES. 


Anderson continues to maintain its 
leadership in the SOLENOID field 
by adding seven new types of ‘'D 
Series Solenoids. 


DIAL LIGHT ASSEMBLIES. Sex 
Pilo I 


DIALS and PANELS 

, , r + € ae W “ 
Now there is an ANDERSON SOLE- onamé ) Gr 
NOID for your requirements 
compact, rugged, efficient . . . de- 


Bea i es oldsmi . C Horace 
livery from stock on standard models. neaster i ri y. Mair Broadway, New York 
Custom types available quickly — write. Cort ‘ w 
cago ¢ I 
ota ning & 

turing Co Argyle Terrace 
DIE CASTINGS. See Castings Ir l N J 

Johns-Manville, Box 4, New York 16 
DIELECTRIC HEATING UNITS. See N. ¥ 
Higt Frequency Heating Units Johns- Manville Dutch Brand Products 

4 7800 Woodlawn Ave., Chicago 19, Il 
Send for our ‘ DIE-SETTING TOOLS Mica Insulator | ¢ Sub. of Minnesota 

NEW ss Vale r 1 


Catal . Minnesota Mining & Mfg. Co., Electrical 
a DIES, PRECISION, LAMINATION Ete Prakasa Div. 006 Wauenier Ave... 2 
TODAY! a 


c Ine P 424 St Paul 6, Minr 
heaton Natvar Corp., 207 Randolph Ave., Wood 


x. 2 
Your inquiry 


is invited. 


Mining and Manufacturing Co. Sche 
SURLDE 2 Akron, N. ¥ nectad N 


/ ylvar tric P r 1740 bridge. N. J 
fal ¢ tr iway ‘ ¢ New Jersey Wood Finishing Co Elec 
anderson controls Lae Outing ee eee See ion etaes 
, Talmage Ave., 8. E., Minne Minn N. J 
rm — M apolis, Mi Owens-Corning Fiberglas Corp., 598 Ma 
Genero! Offices: r 


H err ma DIODES. See Rectifiers, Semiconductor Raybestoe Mai ! aa — *Piastic Pr od 
ro , Transistors and C , Manhe ne., m 
2777 Ua Rd eto a . Transi and Crystal Diodes ucts Div Manheim, Pa 
i \acetine tien. ae Sour NY 
Phone: VAnderbilt 4-3147 A = DRAFTING EQUIPMENT ana Varflex Corry 04 W. Court, Rome, N.Y 


d i Westinghouse k tric Corp Gateway 
Factories: Des Plaines & Woodstock, Ill. <a ‘ eae abet i ee a ig Ns 3, 401 Liberty Ave 
Keuffe é sser Co oboken d *ittsburgh 3f a 
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Waldes Truarc Rings cut assembly costs, improve 
performance of precision photo-optics equipment 


Charles Beseler Co., E. Orange, N. J. uses Waldes Truarc Retaining Rings in 3 applications shown. 
REFLECTING MIRROR ASSEMBLY IN OPAQUE PROJECTOR 


VU-LYTE Il 
PROJECTOR 


Here a Waldes Truarc crescent ring, Series 5103, replaced 
a split collar and clamping ring. Results: labor costs cut 
50¢ per unit because of greater ease of assembly. Drier 
provides more uniform heating. 


Whatever you make, there’s a Waldes Truarc Ring de- 
signed to save you material, machining and labor costs, 
and to improve the functioning of your product. 


In Truarc, you get 


Complete Selection: 36 functionally different types. 
As many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types avail- 
able quickly from leading OEM distributors in 90 stock- 
ing points throughout the U.S. and Canada. 


Controlled Quality from engineering and raw mate- 


WALDES 


« TRUARC 


RETAINING RINGS 


WALDES KOHINOOR, INC. 
47-16 AUSTEL PLACE, L.1.C. 1, 


>} 
-——— 


~ 


N. Y. 


BEFORE 


“The front surface mirror is the most pre- 
cise optical element in a properly-function 
ing opaque projector,” Beseler writes 
“Previously we used this extremely cumber- 
some means of holding the mirror in posi- 
tion. As mirror adjustments are always 
required and the mirror is extremely deli- 


cate, our spoilage was terrific.”’ 


AFTER 


“Two Truarc Series 5100 Rings made pos- 
sible complete redesign of the mirror as- 
sembly. Now mirrors can be adjusted from 
outside the projector. Rejects now cre prac 
tically nil. More precise adjustment of the 
And 
greater ease in adjustment, we 


labor costs $2.00 per unit. 


mirror is possible because of the 


have cut 


35 MM MICRO-FILM NEGATIVE CARRIER IN ENLARGER 


2 Waldes Truare Series 5133 E-Rings replaced 2 cap nuts— 
at a saving of 20¢ per unit in labor costs. 


rials through to the finished product. Every step in manufac- 
ture watched and checked in Waldes’ own modern plant. 


Field Engineering Service: More than 30 engineer- 
ing-minded factory representatives and 700 field men 
are at your call. 


Design and Engineering Service not only helps you 
select the proper type of ring for your purpose, but also 
helps you use it most efficiently. Send us your blueprints 
today...let our Truarc engineers help you solve design, 


assembly and production problems... without obligation. 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1,N.Y. 


Please send new, descriptive catalog showing all 
types of Truarc rings and representative case his- 
tory applications 


(Please p, 1) 
Name 

Title 

Company 

Business Address 


Zone State 


Po oe ye 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,425 


2,411,761; 
2,544,631; 


2,416,852; 2,420,921; 2,428,341; 
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2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 
2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U.S. Patents pending. Equal patent ‘protection established in foreign countries 
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2,483,383; 2,487,802; 2,487,803; 2,491,306; 2.491.310; 2,509,081 
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RANGE AND REFRIGERATOR HARDWARE 
IN STANDARD AND CUSTOM DESIGNS 


Make National Lock Company your |-source sup- 
plier for appliance hardware. Distinctively-styled 
decorative hardware .. . soundly-engineered 
functional hardware .. . all are included in the 
complete selection of standard items. Our 
specialists will work with your designers in 
creating custom-built hardware to meet your 


requirements. Write for information and prices. 


ING 


% ws 
Mh 


NATIONAL LOCK COMPANY 
Rockford S 


Illinois 
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FANS and BLOWERS 


Diehl Manufacturing Co. Electrical Div 
of TI Singer Manufacturing Co., Som 
J 
tlectric Mfg. Co., St. Louis 21, 
stries, Inc., Rochester 2, N. Y 
stries Dayton 4, Ohio 
i ectric Co., 685 Lawrence, Low- 
ell, Mass 
Revcor, 251 Edwards, Carpentersville, Ml. 
Robbins & Myers, Inc Propeller Div., 
Springfield Ohio 
Torringt Manufacturing Co., 
ton, Conr 


Torring- 


FASTENERS (Bolts and Nuts; Lock and 
Snap Assemblies; Pins; Pre-assembled 
Washers and Screws; Recessed Head 
Screws; Rivets; Screws; Washers.) 


Bolts and ‘iuts 


Machine Bolts and Nuts (A) 

Stove Bolts (B) 

Self-Locking Nuts (C) 

Sheet Metal Lock Spring Assembly Nuts 
D 

Screw Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins, 
Studs and Special Parts (F) 

Cap Nuts (G) 

Spade Bolts (S) 

Welding Nuts (Clinch-on) (N) 

Wing Nuts (W) 


Aluminum Co. of America, 2241-M Alcoa 
Bldg., Pittsburgh 19, Pa. (A) 
Burndy Corp., Omaton Div., 
Conn 
Chase Brass & Copper Co. Sub 
necott Copper Corp., 
ABCF) 
Cleveland Cap Screw Co 
Road, Cleveland 28, Ohio 
Continental Screw Co New 
Mass AB 
Elastic Stor Nut Corp. of America, Dept 
R37-1222, 2330 Vauxhall Rd Unior 
(ACDEN) 
Eleo Tool and Screw Corp 1800 Broad- 
ay, Rockford, Tl. (ABF) 
Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd Des Plaines, Ill 
Gries Reproducer Corp 149 Beechwood 
Ave New Rochelle, N. ¥. (GW) 
Harper Co H. M 8204 Lehigh Ave., 
Morton Grove, Ill. (ABC) 
Hassall, Inc., John, P. O. Box 2225, West 
bury I I N Y F) 
Keystone Bolt & Nut Corp., 
New York 7, N. Y¥ AB) 
MacLean- Fe ack Nut Co 5535 N 
Wolcott, Chicago 40. TM (C) 
Milford et Machine Co. 
Conr 
Natior Rockford, Tl, (A) 
Palnut Sub. of United-Carr Fastener 
ry Rd., Mountainside, N.J 


Norwalk, 


of Ken- 
Waterbury 20, Conn. 


4444-11 Lee 
Bedford, 


27 Church 


Milford 


General American 
Entin Rd., Clif 
Miami, Toledo 5 
Ward Bolt 
ee ABF) 
ir T Works 


Box #688 
Cambridge 


Hubbard, Chi- 


Lock and Snap Assemblies. (Door Panel 
Shelf Support and Mounting, etc.) 
Dimeo-Gray C 10 KE. 6th 

Ohio 
Fastex Div f Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Il 
Simmor Fastener Corp., 1752 N 
way, Albany 1, N. Y¥ 


Dayton 2 


Broad 


Pins Cotter (F); Locking and Taper 
G Spiral Coil (M) 

Chase Brass & Copper Co.. Sub. of Ken- 
necott Copper Corp., Waterbury 20 
Conn. (F 

Elastic Stop Nut Corp 
R37-1222, 2330 
N J 

Sterling Bolt Co., 
Tl 


of America, Dept 
Vauxhall Rd Unior 


363 W. Erie, Chicage 


Pre-Assembled Washers and Screws 


Continental Screw Co., New Bedford. Mass 

National Lock Co., Rockford, Til 

Russell, Burdsall & Ward Bolt & Nut 
Co. Port Chester, N. Y. 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, TL 

Thompson-Bremer & Co., Sub. Americar 
Machine & Foundry ©o., 520 N. Dear- 
born, Chicago 10, Ill. 
United-Carr Fastener Corp.. 
42, Mass 


Cambridge 


Recessed Head Screws 


Chase Brass & Copper Co., Sub. of Kenne. 
cott Copper Corp., Waterbury 20, Conn 

Continental Screw Co., New Bedford 
Mass 

Eleo Tool & Screw Corp., Rockford, Ml 

Harper Co H. M., 8204 Lehigh Ave. 
Morton Grove, Til 

Keystone Bolt & Nut Corp., 127 Church 
New York 7, N. Y 

Milford 
Conn 

National Lock Cr 


Rivet & Machine Co., Milford 


Rockford, Til 


Parker-Kalon Div 
Transportation Corp., 
ton, N. J 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y 

Shakeproof Div. of Illinois Tool Works 
St. Charles Rd., Elgin, Ill 

Standard Pressed Steel Co., Jenkintown 9 
Pa 

Sterling Bolt Co Erie, Chicago, 
iil 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, I) 


General Americar 
Entin Rd., Clif 


363 W 


Rivets 


Aluminum ¢ f America, 2241-M Al 
Bldg Pittsburgh 19. Pa. 

Chase Brass & Copper Co., Sub. of Kenne- 
cott Copper Corp., Waterbury 20, Conn 

Chicago Rivet & Machine Co., 9609 W. 
Jackson Blvd., Bellwood, Ill 

Continental Screw Co., New Bedford, 
Mass 

Deringer Metallurgical Corp., 8119 Monti- 
cello Ave., Skokie, Ill. 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill 

Gries Reproducer Corp., 149 Beechwood 
Ave., New Rochelle, N. Y. 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill 

Hassall, Inc., John, P.O, Box 2225, West 
bury, L. IL., N. Y. 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. 

Milford Rivet & Machine Co., Milford, 
Conn 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Sterling Bolt Co., 363 W. Erie, Chicago, 
Til 

Thomson Mfg. Co., 
Waltham 54, Mass 


Judson L., Dept. D 


Serews—Cap and Set, Machine (H); Self 
Tapping (J) 


Allen Manufacturing Co., 
Hartford 5, Conn 
Aluminum Co. of America, 2241-M A 
Bldg., Pittsburgh 19, Pa 7" 
Chase Brass & Copper Co., Sub. of Kenne 
cott Copper Corp., Waterbury 20 Conn 
(HI 
Continental 
Mass. (HJ) 
Elco Tool and Screw Corp., 
way, Rockford, Ill (HJ) 
Harper Co. H M 8204 
Morton Grove, Tl J 
Hassall, Ir John, P.O. Box 2225 
bury, L. I. N. ¥ HJ) 
Keystone Bolt & Nut Corp 127 
New York 7, N. Y. (HJ 
Milfor i & Machine Co., 
Conr 
National Lock Co 
Parker-Kalon Div 
Transportation Corp 
N. J. (HI 
1, Burdsall & Ward Bolt and 
Port Chester, N. Y¥ 
rew & Manufacturing Co., 112 
Sartlett, Ill H 
roof Di f Illinois Tool Works 
Elgin, Il J) 
teel Co., Jenkintown 9 


183 Sheldon 


Screw Co., New Bedford 


1800 Broad 
Lehigh Ave 
West 
Church 
Milford 


Rockford, Til. (J) 
General Americar 
Entin Rd., Clif 


63 W. Erie, Chicagc 


tener Corp 


Cambridge 42 


Washers “at (K Lock and Spring (L 


sociate spring Corp., Bristol, Conn 
Manufacturing Co., 306-I Stack 

Conr 
Wallace Div 

Bristol, Conn. (KL) 
son-Raymond Div., Associated 
Corp., 40300 Plymouth Rd., Ply 
mouth, Mich 

B-G-R Cook Plant Div., Associated Spring 
Corp., Ann Arbor, Mich. (KL) 

Chase Brass & Copper Co., Sub. of Kenne 
a Copper Corp., Waterbury 20, Conn. 
(KL) 

Continenta Screw Co., New 
Mass. (KL) 

Cosmo Plastics Co 
land 9. Ohio (K) 

Dunbar Bros, Cx Div 
Corp., Bristol, Conn. 

Ford Radio & Mica Corp., 536-540 63rd 
Brooklyn, N. Y. (K) (Mica) 

Garrett Co., Inc., George K., Torresdale 
Ave. at Tolbut, Philadelphia 36, Pa 
(KL) 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi 
cago 14, Ill. (KL) 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Ill. (L) 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. (KL) 

Manross & Sons Co., F. N., Div. Asso- 
ciated Spring Corp., Bristol, Conn. (KL) 

Milwaukee Div., Associated Spring Corp., 
841 E. Erie, Milwaukee, Wis. (KL) 

National Lock Washer Co., 40 Hermon, 
Newark 5, N. J. (L) 

Ohio Div Associated Spring Corp., 1712 
E. lst, Dayton, Ohio (KL) 

Palnut Co., Sub. of United-Carr Fastener 
ng 66 Glen Rd., Mountainside, N. J 
(lL) 

Raymond Mfg. Co., Div 
Corp., Corry, Pa, (KL 

Russell, Burdsall & Ward Bolt and Nut 
Co Port Chester, N. Y¥ 

Shakeproof Di of Illinois Tool Works, 
St. Charles Rd., Elgin, I. (L) 

Bi B Co., 363 W. Erie, Chicago, 

l 


Associated 


Bedford 


3239 W. 14th, Cleve 


Associated Spring 


Associated Spring 
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When temperatures go up 


...and stay up 


‘2 
(AF 


PT Wicket nore Tt 
Se il nal MME Enis ceded 


RESISTIVITY, OHMS/CIR MIL FT 


350 400 
TIME, HOURS AT TEMPERATURE 


At maintained high temperatures, Kulgrid 28, Sylvania’s nickel-clad 


copper wire, offers the 
resistivity. Yet Kulgrid 


temperature stability of nickel with lower 
28 is less expensive than pure nickel from a 


performance standpoint. 


Use Kulgrid an asieliiiaiiibiiaas copper wire for maximum 


conductivity and reliability at high temperatures 


FTE strENGTH, heat and corrosion re- 
sistance of nickel and the high conduc- 
tivity of copper . . . in a combination 
that beats both at elevated temperatures 
.. . that’s Sylvania’s Kulgrid 28 nickel- 
clad copper conductor. 

In diameters from .300” down to .0035” 
Kulgrid 28 wire has the corrosion pro- 
tection and strength of a thick wall of 
nickel that only cladding can provide. 
Nickel content is approximately 28 %. 


¥ SYLVANIA 


TELEVISION 


LIGHTING «+ RADIO -« 


SPECIAL 
WIRE 


METAL 


DECEMBER 1 


STAMPINGS 


Made of Grade A electronic nickel with 
a melting point of 2651°F and _ high- 


purity copper, with a melting point of 


1980°F, Kulgrid 28 offers you a new 
standard of performance for equipment 
that must withstand sustained high 
temperatures. 

Wherever economy, performance, and 
high temperature are design problems, 
check the unique qualities of Kulgrid 28, 
Sylvania’s nickel-clad wire. 


Sylvania Electric 


* ELECTRONICS -+ 


Complete data on 
EKulgrid 28S in this 
technical bulletin 


Write for your free 
copy of “Kulgrid 
28, Nickel-Clad 
Copper Wire” 
today. 


PARTS DIVISION 


Products Inc., Parts Division, Warren, Pennsylvania 


METALS & CHEMICALS 


4-way 
service 


ELECTRONIC 


COMPONENTS 


Circle 346 on page 17 


from 
one source 





GROUND THREADS 


UP TO 8” LENGTH 
PRECISION TOLERANCES 
SMALL AND MEDIUM-SIZE WORMS, 
LEAD SCREWS, ETC. 

PITCHES —12 TO 72 
VEE — ACME — WORM THREADS 
ALL STANDARD HARD OR SOFT STEELS 
STAINLESS — BRONZE — ALUMINUM 


Send Prints for Quotation 


B CONVEX Gear W 


1035 Parmele St., Rockford, Illinois 


EOE Ena 


Circle 347 on page 17 


Where Dependability 
is Vital 


Daven Rotary Switches 
Are Specified 
HERE’S WHY: 


Patented knee-action rotor—ensures low, uniform contact 
resistance, trouble-free operation. 


One-piece combination contact and solder lug—solid-silver 
alloy contacts, gold plated to resist corrosion. 


Turret-type solder lugs— provide excellent mechanical and 
electrical connections. 


Roller-type detent—gives positive indexing action. 


Minimum space—as many as eight poles on each deck.. 


Write for complete data, catalog. 


“DAVEN= 


LIVINGSTON, NEW JERSEY 


Circle 348 on page 17 


prerepene ST be J 


Bremer & Co., Sub. American 
1ine and Foundry Co., 228 N, La- 
le, Chicago 1, Ill. (KL 
nited-Carr Fastener Corp., Cambridge 42 
Mass. (I 


FELT 

Continental Felt Co Inc., 
15th, New York 11, N. Y 

Western Felt Works, 4021-413 
Ave., Chicago 23, Ill 


FIBRE PHENOLIC. See Plastics 
g, Laminating, Casting and 
Compounds 


FIBRE, VULCANIZED. 
Rod, Tubing) 
tinental-Diamond Fibre 
i Co., Newark 13, Del 
ion Manufacturers Corp., 565 W 
zt Chicago 6, Ill 
anized Fibre Co. 


(Board, Sheet, 


A Sub. of The 


Wilming- 


Fibre Co Ine Tonawanda 


re Works, Ir Dept 


Norristowr Pa 
ir ia Pulp and Paper Co., 
Park Ave., New York 17, N. ¥ 


FILTER ELEMENTS, POWDERED 
METAL 


Amplex Di ry r Cory 
Mict 
Ra Cores 540 Tulley Ave., Oak 


Detroit 31, 


rd, Mass 
2836 13th Ave., 


Corp., South 


‘o., Div. of 
‘ Telegrart 
Clifton, N. J 
pparatus Sales 


" Indianapolis 


Marshall, North 
Norw i, Mass 
150 Varick, New 


FINISHES, PRODUCT See Lacquers 


Ename Varnishes. Finish 
ing 


FLUORESCENT, LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compensa- 
tors, Control Units, Starters and Trans- 
formers For Resistors, see Resistors 

Iso Capacitors 


Roose 
103 


ndard Transformer Corp., 3501 
icago n 
Trenton 4 N. J 
) nstruction Mate- 
2, Conr 
W. 16th, Chicago 


7 Marshall, North 


Gateway 
401 Liberty Ave., 


FOILS WIRE MARKING 


ley Stamping Mac hi Co., 850 
nga B vd Hol eae 38, Calif 


FOOT SWITCHES 


See Switches 


FORGINGS 


American Brass Co.. Waterbury 20 
Chase Brass & Copper Co., Sub. of Ke 
tt Conover Corp., Waterbury 20, Conr 
Philadelphia Bronze & Brass Corp., Sub 
“x P. R. Mallory & Co., Inc., 32nd and 
Master, Philadelphia 21, Pa 
re Copy and Brass. Inc 230 Park 
New York 17, N. Y Non-ferrous) 


& 8S I Joseph T., Chicago 


FREQUENCY METERS. See Instruments 


FUSE HOLDERS, MOUNTINGS and 
CLIPS 


Cort Omaton Div Norwalk 


Mfg. Di 
M 


McGraw-Edison Co., 
Inc., 445 Elm, Sycamore 
OS-L Park Ave 


ort Madison R 

Cincinnati Ohi 
Jones Div Howard B., Cir 
Chicago 24, Ill 
Plaines, 1) 


Littelfuse, Des 
4227 W. Lake 


ch Mfg. Corp 


Multi Electr 
Chicago 2 

Sherman Ma 
tle Creek, Mict 

Square D C 6060 Rivard, 
Mich 


ring Co., H. B., Bat 


Detroit 11, 


FUSES 


Burndy 
Copn 

Bussmann Mfg. Div., 
St s 7 

General ( , Apparatus 
Div., he tady 5, N. ¥ 

Littelfuse as ines, Ill 

Royal Ele or Pawtucket, R. I 

Westinghor tric Corp Gateway 
Center ig o. 3, 401 Liberty Ave 
Pittsburgh ¢ > 


ry Omatm Div., Norwalk, 


McGraw- Edison Co 


Sales 


GAGES, TEMPERATURE, 
and VACUUM 

Edison Industrie Thomas A., Instrument 
Div Mc-Graw- Edison Co., West 
Orange N J 

Servomechanisms Inc., Mechatrol Div., 17 
Brooklyn, Westbury, L I N. Y 

Weston Electri Instrument Corp A 
Sub. of Daystrom, In 614 Freling 
huysen Ave Newark 5, N. J 

Wheelco Instruments Div Barber-Coiman 
Co., 1403 Rock, Rockford, Ill 


PRESSURE 


GALVANOMETERS. See Instruments 


GASKETS 
Armstrong Cork x 7011 Ir 
caster, Pa kK a Rut 
tions) 
Auburn Manu 
Middletow: 
Chase Brass & Copy t 
cott Copper ¢ terbt 
Chicag 


gerso Lar 
ber Oomposi 


‘o., 306-I Stack 


of Kenne 
iry 20, Conn 
ring Co,, 1279 
lil 

Oakto Mortor 


South Hackensack, 
P. O. Box 517 
New York 16 
Euclid Ave 
Plastle Prod 
ith Ave., Chi 


Plasti 


0. 


4117 


GEARMOTORS. See M 


GEARS and PINIONS 
America St 
Gear (¢ H 
Amplex D y r ‘ory Detroit 31 
Mict : 
Beaver G 
Rockfor 
Bowmar 


Perfection 


1035 Parmele 
nt p., 2415 Pennsyl 
Wayne, Ind 
md Fibre, A Sub. of The 

Del 

Tool Works, 195 
laines, Ill 
2635 W. Medill 


49 Beechwood 


1 
N. Y 
111 N. Morgan 


Chicago 
Radio Cc 
Lawr 

Shakepr 
st Cha 


ley A’ve., Oak 


‘ool Works 
United St Graphite Co.. 1621 
Saginaw 8. M 

sting! 


Holland 


Gateway 
Liberty Ave., 


ring & Tool (o., 7 
Chicago 31, I 


GENERATORS. See Motors 


GENERATORS, ELECTRONIC 


. W. Mt. Pleasant Ave., 
> 10, Livingston, N. J 
Electric Co., Apparatus 
nectady 5, N. Y 
ectri Co. Electronics Div 
Park. Syracuse 1. N. Y 
I 172 t 


Sales 


Racine. Wik 
GERMANIUM DIODES 
Semiconductor: Transist 


GLASS-BONDED MICA 


Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Mycalex Corp. of America, Ciifton Blvd 
Clifton, N. J. 


GLASS-FIBER, 


YARNS, CLOTHS and 
TAPE. 


See Fabrics, Insulating 


GLASS, TECHNICAL 


Corning Glass Works, 
Div., Corning, N. Y. 

Croname, Inc., 1769 Grace, Chicago 13, Ill 

Hermaseal Co., 1010 Main, Elkhart, Ind 
(Tubes) 

Kopp Glass, Inc., Swissvale, Pa. 

Lancaster Glass Co., 220 W. Main, Lan 
caster, Ohio 


Technical Products 


GOLD, ROLLED (Plate and Wire) 


American Platinum Work 31 New Jersey 
Railroad Ave., Newark 5, N. J 

Baker & Co., Inc., 113 Aster, Newark 5, 
N. J 

General Plate Div 
Corp 1912 =F 


, Metals & Controls 
t Attlehor« Ma 
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Compact power relay- 
high contact ratings 


More relay for your money —that’s 
the big thing you get when you spec- 
ifv Ward Leonard’s Bulletin 105 for 
light power switching jobs. 

No delicate, misapplied telephone- 
or instrument-type relay, the 105. 
From rigid phenolic base to ample 
silver-to-silver, self-cleaning contacts, 
the 105 is built to deal with power... 
just like the larger Ward Leonard re- 
lays and contactors. And yet it’s ex- 
tremely compact and low in cost. 

Youll find the Bulletin 105 relay— 
in SPST, SPDT, DPsT, and pppT types — 
ideal for controlling power to electric 
heaters, signals, pumps, radid and tv 
transmitters and public address sys- 
tems. 


Check vour catalog file today for 
Bulletin 105. If it’s missing write to: 
Ward Leonard Electric Co., 34 South 
Street, Mount Vernon, N.Y. (In Can- 
ada: Ward Leonard of Canada Ltd., 
Toronto. ) 


7.1 


ENGINEERING DATA COIL VOLTs: 6, 8, 10, 12, 24, 32, 48, 115, 230 


SINGLE POLE BULLETIN 105 RELAY AVG. COIL waTTs: 2 D.C., 3.75 A.C. 
Contact Ratings PICK-UP: 85% or less of rated voltage 


WEIGHT: 5 ounces 
Volts 


TERMINALS: Stud type 


0-24 
25-125 


126.250 LIVE BETTER...E/ectrically 


*Ratings are non-inductive. 


UU 
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GROUND THREADS 


UP TO 8” LENGTH 
PRECISION TOLERANCES 
SMALL AND MEDIUM-SIZE WORMS, 
LEAD SCREWS, ETC. 
PITCHES —12 TO 72 
VEE — ACME — WORM THREADS 
ALL STANDARD HARD OR SOFT STEELS 
STAINLESS — BRONZE — ALUMINUM 


Send Prints for Quotation 


GEARS 


1035 Parmele St., Rockford, Illinois 


Where Dependabil 
is Vital 


Daven Rotary Switches 
Are Specified 


HERE'S WHY: 


Patented knee-action rotor—ensures low, uniform contact 
resistance, trouble-free operation. 


One-piece combination contact and solder lug—solid-silver 
alloy contacts, gold plated to resist corrosion. 


Turret-type solder lugs—provide excellent mechanical and 
electrical connections. 


Roller-type detent—gives positive indexing action. 


Minimum space—as many as eight poles on each deck. 


(by 


Write for complete data, catalog. 
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PLease eee 


Thompson-Bremer & Co Sub. American 
Machine and Foundry Co., 228 N, La- 
Salle, Chicago 1, Ill. (KL) 

United-Carr Fastener Corp 
Mass. (L 


Cambridge 42 


FELT 

Continental Felt Co 
15th, New York 11, N. ¥ 

Western Felt Works, 4021-4139 W 
Ave., Chicago 23, Il 


West 


Ine 22-26 


Ogden 


FIBRE. ‘PHENOLIC. See Plastics—-Mold 
ing, Laminating, Casting and Extrusion 
Compounds 


FIBRE, VULCANIZED. 
Rod, Tubing) 

Continental-Diamond Fibre 
Budd Co., Newark 13, Del 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Tl 

Natlor Vulcanized Fibre Co., Wilming- 
on 99, Del 

Spaulding Fibre Co Inc., 
me 

Stahlin Brothers Fibre Works, Inc., Dept 
>, Belding, Mich 
lor Fibre Cc Norristown, Pa 
st Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. ¥ 


(Board, Sheet, 


A Sub. of The 


Tonawanda, 


FILTER ELEMENTS, POWDERED 
METAL 

Amplex Div rysler Corr 
Mict 

Radi lores, Ir 540 Tulley Ave., Oak 
Lawn l 


Detroit 31, 


FILTERS, RADIO 


\Yerovox Cort New Bedford, Mass 

Audio Development Co., 2836 13th Ave., 
Minneapolis 7, Minn 
I yubllier Electric Corp., 
J 

ne and Radio Co., Div. of 
Telephone and Telegrapt 
ngsland Rd., Clifton, N. J 
i) Apparatus Sales 
se me A 
P. BR 


South 


Indianapolis 


07 Marshall, North 
Corp., Norwood. Mass 
Co., 150 Varick, New 


Lacquers, 


FINISHES, PRODUCT See 
I Finish 


Enamels, Paints 1 Varnishes 
ing 


FLUORESCENT, LAMP AUXILIARIES 
includes Adapters, Ballasts, Compensa- 
tors, Control Units, Starters and Trans- 
formers For Resistors, see Resistors, 
Instrument and Radio; also Capacitors 

Aer x Cort New Bedford, Mass 

Alcor Manufacturing Co., 4444 W 
elt Road, Chicago 24, Tl] 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Chicago Stand: : y , 3501 


Roose 


Trenton 4, N 
Construction Mate- 

2, Conn 
16th, Chicago 
307 Marshall, North 
tlectri Products Inc., 1740 
New York 19, N. Y¥. 
2 tric Corp. Gateway 
3, 401 Liberty Ave., 


FOILS, WIRE MARKING 


Kingsley Stamping Machi ne Co., 850 
Cahuenga Blvd., Hollywood 38, Calif. 


FOOT SWITCHES. See Switches 


FORGINGS 


American Brass Co.. Waterbury 20, Conr 

Chase Brass & Copper Co., Sub. of Kenne- 
ott Conover Corp., Waterbury 20, Conn 

Philadelphia Bronze & Brass Corp., Sub 
of P. R. Mallory & Co., Inc., 32nd and 
Master, Philadelphia 21, Pa 

Revere Copper and Brass. Inc 230 Park 
Ave., New York 17, N. Y. (Non-ferrous) 

Rye & Ss Inc., Joseph T., Chicago 


80, I 


FREQUENCY METERS. See Instruments 


FUSE HOLDERS, MOUNTINGS and 
CLIPS 

Burndy Corp 
Conn 

Bussmann Mfg. Div 
St. Louis 7, M 

Holub Industries, Inc., 445 Elm, Sycamore, 
Til 

Ideal Industrie WS-L Park Ave 
Sycamore. I 

I Cort Dept, F-1 1730 Madison R 
Cincinnati 27, Ohic 

Jones Div Howard B., Cinch Mfg. Corp 
Chicago 24, Ill 

Littelfuse, Des Plaines, Lil 

Multi Electric Mfg. Co., 4227 W 
Chicage 24, Ill 

Sherman Manufacturing Co., H. B., Bat 
tle Creek, Mich 

Square D Cx 6060 Rivard, 
Mich. 


Omaton PDiv., Norwalk 


, McGraw-Edison Co 


Lake 


Detroit 11, 


FUSES 

Burndy Cory 
Copn 

Bussmann Mfg. Div., 
St. Louis 7, Mo 

General Electric Co., 
Div., Schenectady 5, N. ¥ 

Littelfuse, Des Plaines, Ill 

Royal Electric Corp Pawtucket, R. I 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


Omatm Div., Norwalk, 


McGraw- Edison Co 


Apparatus Sales 


GAGES, TEMPERATURE, 
and VACUUM 


Edison Industries, Thomas A., Instrument 
Div., Mc-Graw-Edison Co., West 
Orange, N. J 

Servomec 1isms Inc., Mechatrol Div., 17 
Brooklyn, Westbury, LL, N. Y 

Weston Electrical Instrument Corp A 
Sub. of Daystrom, In 614 Freling 
huysen Ave., Newark 5, N. J 

Wheelco Instruments Div., Barber-Coiman 
Co., 1403 Rock, Rockford, Ill 


PRESSURE 


GALVANOMETERS. See Instruments. 
GASKETS 


Armstrong Cork Co., 7011 Ingersol, Lan 
caster, Pa Cork and Rubber Oomposi 
tions) 

Auburn Manufacturing Co., 
Middletown, Conr 

Chase Brass & Copper Co., Sub. of Kenne 
cott Copper Corp.. Waterbury 20, Conn 

Chicago Rawhide turing Co., 1279 
Elston Ave hicag Il 

Crane Packing 24 Oakton 
Grove, Til 

Electro Te 
N. J 


Goshen Rubber ) r P. O. Box 517 
Gosher 


Johns-Man e 4 New York 16 


306-I Stack, 


Mortor 


South Hackensack, 


Euclid Ave 


Raybestos-) 
ucts Div 
Roth Rubbe 
cago 50 
United States 
of The Garlock Pack 
N. J 


Western Felt Works 4035-4117 Ogder 
Ave., Ch ll 


Plastlke Prod 
54th Ave., Chi 


*lastics Div 
ng Co., Camden 1 


cag 


GEARMOTORS. See Motors 


GEARS and PINIONS 

Americar Stock Gear D 
Gear Ce Harvey, I 

Amplex Dit Chrysler Corp 
Mich 

Beaver Gear Works, Inc., 1035 Parmele, 
Rockfor I 

Bowmar Instrument Corp 2415 
vania Ave Ft. Wayne, Ind 

Continental-Diamond Fibre, A Sub. of The 
Budd ¢ Newark 13, Del 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill 

Gear Specialties, Ine 2685 W. 
Ave., Chicago 47, Ill 

Gries Reproducer “Corp a Beechwood 
Ave New Rochelle, N 

Merkle-Korff Gear Co., on N. 
Chicago 7, Il 

Radio Cores, Inc » Tr 


Lawn I 


iv Perfection 


Detroit 31 


Pennsy! 


Medill 


Morgan 
alley Ave., Oak 


Div. of Illinois Tool Works 
ie Rd Elgin, Ill 
United States Graphite Co., 1621 Holland 
Saginaw 8, Mict 
Westingt use Electrie Corp 
Center, Bldg. No. 3, 401 
Pittsburgh 30, Pa 
Winzeler Manufacturing & Tool (+ 7355 
W. Wilson Ave., Chicago 31, I 


Gateway 
Liberty Ave., 


GENERATORS 


See Motors 


GENERATORS, ELECTRONIC 


Daven Co., 536 W. Mt. Pleasant Are., 
Route 10, Livingston, N. J 

General Electric Co., Apparatus 
Dis Schenectady 5, N. Y 

General Electric Co., Electronics Div 
Electronics Park. Syracuse 1, N. Y¥ 

Howard Ir t Inc 172 
Racine, Win 


GERMANIUM DIODES 
Semicond or Trar t 
Diodes 


GLASS-BONDED MICA 


Continental-Diamond Fibre, A Sub. of The 
sjudd Co., Newark 13, Del 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J. 


Sales 


GLASS-FIBER, 


YARNS, CLOTHS and 
TAPE. 


See Fabrics, Insulating. 


GLASS, TECHNICAL 


Corning Glass Works, Technical Products 
Div., Corning, N. Y. 

Croname, Inc., 1769 Grace, Chicago 13, Ill 

Hermaseal Co., 1010 Main, Elkhart, Ind. 
(Tubes) 

Kopp Glass, Inc., Swissvale, Pa. 

Lancaster Glass Co., 220 W. Main, Lan 
caster, Ohio 


GOLD, ROLLED (Plate and Wire) 
American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 
Bear & Co., Inc., 113 Aster, Newark 5, 
J 


Metals & Controls 
Attleboro Mass 


Geant Plate Div., 
Cort 1912 Forest 
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Compact power relay— 
high contact ratings 


More relay for your money—that's 
the big thing you get when you spec- 
ify Ward Leonard’s Bulletin 105 for 
light power switching jobs. 

No delicate, misapplied telephone- 
or instrument-type relay, the 105. 
From rigid phenolic base to ample 
silver-to-silver, self-cleaning contacts, 
the 105 is built to deal with power... 
just like the larger Ward Leonard re- 
lays and contactors. And yet it’s ex- 
tremely compact and low in cost. 

Youll find the Bulletin 105 relay— 
in SPST, SPDT, DPST, and pppr types— 
ideal for controlling power to electric 
heaters, signals, pumps, radid and tv 
transmitters and public address sys- 
tems. 


Check vour catalog file today for 
Bulletin 105. If it’s missing write to: 
Ward Leonard Electric Co., 34 South 
Street, Mount Vernon, N.Y. (In Can- 
ada: Ward Leonard of Canada Ltd., 
Toronto. ) 7.1 


ENGINEERI NG DATA COIL VOLTs: 6, 8, 10, 12, 24, 32, 48, 115, 230 


SINGLE POLE BULLETIN 105 RELAY AVG. COIL WATTs: 2 D.C., 3.75 A.C. 
PICK-UP : 85% or less of rated voltage 
WEIGHT: 5 ounces 


Contact Ratings 


Volts 
TERMINALS : Stud type 


0-24 
25-125 


126.250 | LIVE BETTER...E/ectrically 


*Ratings are non-inductive. 
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ASCO 


SAVES 


eT AUIIL 


YEARLY... 


This precision CARBIDE die 
has produced, to date, over 

17 million rotor and field lamina- 
tions .. . an average of over 

one million of each per grind, 
with only .070” ground from 

the punches and .055” from the 
die. A conservative estimate 

of the total die life is well 

over 100,000,000 rotor and 

field punchings! FASCO 
indicates an estimated $56,000 
annual saving on one motor 

line, with the use of STEIN 
carbide lamination dies. These 
dies are famous the world over 
for their accuracy and dura- 
bility and are a product of 

over 53 years of lamination 
experience. 


Wm. P. 


CARBIDE 


LAMINATION 


FASCO INDUSTRIES INC. as a 
leading volume producer of frac- 
tional horsepower electrical mo- 
tors, states: “‘The benefits of 
motor to motor uniformity, by 
the use of precision, burr-free 
laminations, have completely 
justified the conversion to CAR- 
BIDE dies, furnished by Stein, 
and have contributed substan- 
tially to the large volume ac- 
ceptance of this motor in the 
trade.”’ Shown above is the 4 
pole, shaded pole motor of 1/50 
to 1/25 horsepower, a basic item 
with FASCO for many years. 


Our special engineering department will gladly quote on YOUR specifications. 


Cut your production costs with STEIN CARBIDE LAMINATION DIES! 


Wm. P. 


WM, P. STEIN & CO., INC, 
426 St. Paul St. Rochester, N. Y 
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Handy & Harman, 82 Fulton, New York 
38, N. x 

Ney Co., J. M., P. 0. Box 990, Hartford 
1, Conn. 

Wilson Co., H. A., Route 22, Unéon, N. J. 


GRAPHITE. See Carbon and Graphite. 


GREASE, BEARING 


Dow Corning Corp., Midland, Mich. (Sili- 
cone 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ml. 

Walker Co., George, 118 Amsterdam Ave., 
Passaic, N. J 

Weckesser Co., 5711 Northwest Highway, 
Chicago 30, Tl. 


GYROS 


Kearfott Co., Inc., 
ton, N. 2. 


1378 Main Ave., Clif- 


HARDNESS TESTERS 


Opto-Metric Tools, Inc., 
New York, N. ¥. 


137EM Varick, 


HARNESSES and ASSEMBLIES, WIRE 


Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicage 50, ILL ; 

Belden Mfg. Co., 4633 W. Van Buren, 
Chicago 44, Til. 

Brand & Co., Inc., William, Willimantic 
1, Conn. ‘ 

Cornish Wire Co., 50 Church, New York 


7. Be a 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Il. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Phalo Plastics Corp., Commercial & Foster, 
Worcester 8, Mass. 

Switcheraft, Inc., 1328 N. Halsted, Chi- 
cago 22, Il. 

Wire Stripper Co., 1729 Eastham Ave., 
East Cleveland 12, Ohio 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp., 1033 W. 
Van Buren, Chicago 11, Ml. ° 
Stromberg-Carlson, A Div. of General 
Dynamics Corp., 117 Carlson Rd., 

Rochester 3, N. ¥ 


HEATING ELEMENTS and UNITS 

Anderson Control's, Iuc., 2777 Mannheim 
Rd., I Plaines, Ill 

Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. : 

Driver Co., Wilbur B 1875 McCarter 
Highway. Newark 4, N. J 

General Electri Co Appar ctus 
Div Schenectady 5, N. Y 

Still-Man Manufacturing Corp 
164th, New York 56. N 

Syntron Co., 490 Lexington Ave., 
City, Pa 

Vulcan Electric Co., Danvers 2, Mass 

Watlow Electric Mfg. Co., 1362 Ferguson 
Ave., St. Louis 14, Mo 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Wiegand Co Edwin L 7530 
Bivd., Pittsburgh 8, Pa 


Sales 
429-33 E 


Homer 


Thomas 


HEAT LIMITERS 


Bussmann Mfg. Div., 
St. Louis 7, Mo 


McGraw-Edison Co 


HERMETIC SEALS. See Seals and Ter- 


minals, Hermetic 


HIGH-FREQUENCY HEATING UNITS 
Milwaukee 1, Wis 
Apparatus Sales Div., 


Allis-Chalmers 

General Electric Co., 
Schenectady 5, N 

Radio Receptor Co., Inc., Semiconductor 
Div 240 Wythe Ave., Brooklyn 11, 
N. ¥ 

Westinghouse Electric Corp Gateway 
Center Bidg. No. 3, 401 Liberty Ave, 
Pittsburgh 22, Pa. 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys. 


HOLDERS, COMMUTATOR BRUSH 


Midwest Molding & Mfg. Co., Gurnee 96, 
Il 

Mycalex Corp. of America, Clifton Blvd., 
Clifton. N. J. (Glass-Bonded Mica) 

Phoenix Electric Mfg. Co., 4211 W. Lake 
Chicago 24, IIL 


IMMERSION HEATER UNITS. See Heat 
ing Elements and Units. 


IMPACT EXTRUSIONS, ALUMINUM. 


Hunter-Douglas Aluminum Corp., Dept 
EM-12, Riverside, Calif 


IMPREGNATING COMPOUNDS. See Ce 
ment, Insulating and Sealing; Waxes and 
Compounds 


INDICATORS, HEAT. See Thermometers 
INDICATORS, SPEED. See Tachometers 


INDUCTION HEATING. 


See High-Fre 
quency Heating Units. 


INFRA-RED LAMPS. See Lamps, Incan 
descent and Infra-red 


INSTRUMENTS, ELECTRICAL MEAS- 
URING AND TESTING 


Aerovox Corp., New Bedford, Mass. 

Associated Kesearch, Inc., 3794 Belmom 
Chicago 18, Il. 

Chatillon & Sons, John, 85 Cliff, New 
York 38, N. Y¥ 

Daven Co., 536 W. Mt. Pleasant Ave. 
Route 10, Livingston, N. J. 

Electro Products Laboratories, Inc., 450) 
N. Ravenswood Ave., Chicago 40, Ill. 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 
General Electric Co., Apparatus Sales Div., 

Schenectady 5, N. Y. 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., P. O. Box 458, Newport 
Beach, Calif. 

— Industries, Inc., 445 Blm, Sycamore, 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill 

Industrial Instruments, Inc., 89 Commerce 
Ba., Cedar Grove, Essex County, N. J 

Industrial ‘Test Equipment Co., 55 E. 11th 


New York 3, N 
400 N. Fair Oaks 


Moseley Co., F. L., 
Inc., Holtzer- 


Ave., Pasadena, Calif. 
National Pneumatie Ce., 
Amory, Boston 19, 


Cabot Div., 125 
Mass 

Precision Apparatus Co., Inc., 70-81 84th, 
Glendale 27, L. L, N. Y. 

Radio Corp. of America, Dept. 0-44, Bldg 
15-1, Camden, N. J. 

Sensitive Research Instrument Corp., 210 
Main, New RKochelle, N. Y. 

Simpson Electric Co., 5200 W 
Chicago 44, Ill 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

Triplett Electrical Instrument Co., Bluff- 
ton, Ohio 

Westinghouse Electric Corp., Gateway 
Center Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Pa 

Weston Electrical Instrument Corp., A’ sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ml. 


Kinzie, 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic; 
Recorders, Magnetic 


Berkeley Div. of Beckman Instruments, 
Inc.. 2200 Wright Ave., Richmond 8 
Calif 

Burroughs Corp., 
Div., Dept. F 
7. Pa 

D & R Ltd., 406 E. Gutierrez, P. O. Bos 
1500, Santa Barbara, Calif 

Daven Co., 536 W. Mt. Pleasant Ave 
Route 10, Livingston, N. J 

Federal Telepnone and Radio Co., Div. of 
International Telephone and ‘lrelegrapt 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co.. Apparatus Sales Div 
Schenectady 5, N : 

Industrial Test Equipment Co 
New York 3, N. Y 

Librascope, Inc 808 Western Ave., 
dale 1, Calif 

Magnetic Amplifiers Inc 632 
Ave New York 55, N. ¥ 

Radio Corp. of America, Dept. 0-44, Bldg 
15-1, Camden, N. J 

Sanborn Co., Industrial Div., 
Walthan Mas 

Simpson Ele i 0. 5200 W 
Chicago 44 ! 

Triplett 
ton, Ohi 

Weston Elect Instrument Corp A 
sub. of Days 614 Frelinghuy 
sen Ave., Newark 5 J 


Electronic Instrumente 
1209 Vine, Philadelphia 


55 E. 11th 
Glen 


Tinton 


175 Wyman 
Kinzie 


Instrument Co., Bluff 


INSTRUMENTS, 
STANDARD 


Chatillon & Sor Jot 85 Cliff New 
York, N. ¥ 

Electro Products Laboratories, Inc., 450, 
N. Ravenswood Ave Chicago 40, Il 

General Electri Ce Apparatus Sales 
Div Schenectady 5, N. Y 

Moseley Cc F. L., 409 N 
Ave., Pasadena, Calif 

Radio Frequency Laboratories, Inc., Boon 
ton, N. J 

Scott, H. H., Dept. EM-11, 385 Putnam 
Ave., Cambridge, Mass. 

Sensitive Research Instrument Corp., New 
Rochelle, N. Y. 

Triplett Electrical Instrument Co., Bluff- 
ton, Ohio 

Westinghouse Electric 
Center, Bidg. No. 
Pittsburgh 22. Pa 

Weston Electrical Instrument 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave Newark 5, N. J 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock: Rockford, Ill 


LABORATORY 


Fair Oaks 


Corp.. Gateway 
3, 401 Liberty Ave. 


Corp A 


INSULATING MATERIALS. See follow- 
ing specific headings: 


Cement, Insulating and Sealing 

Ceramics 

Cork and Cork Compositions 

Fabrics, Insulating 

Felt 

Fibre, Vulcanized 

Glass-Bonded Mica 

Insulation, Wire and Cable 

Mica, Molded and Laminated 

Paper, Insulating 

Plastics, Molding, Laminating, 
and Extrusion Compounds 

Plastics, Sheets, Rods and Tubes 

Rubber and Rubber Products 

Silicones 

Sleeving and Tape, Asbestos 

Tape and Sheeting, Synthetic Resin 

Tape, Friction and Splice 

Tubing and Sleeving Braided Fabric 

Tubing and Sleeving. Extruded Plastic 
Tubing, Paper 


Casting 


ELECTRICAL MANUFACTURING 





For over a quarter of a century, 


The Industry Rockbestos A.V.C. Switchboard wires have been 

Standard for used by manufacturers to insure dependability and 

Over 25 Years long life. And, today, more and more manufacturers 
Vv 


are joining the list of satisfied users. 


= Rockbestos A.V.C. (N.E.C. type 
AVB) Switchboard wire — solid or stranded 


<a Rockbestos A.V.C. 


-_ (N.E.C. type AVB) 
Switchboard hinge cable — flexible stranded 


Rockbestos N.E.C. 
type TA switchboard and flexible hinge cable 
— solid, stranded and flexible stranded 


Here’s Why: 


Easier, quicker installation — impregnated felted asbestos cushions the braid, 


— cracking. Provides better appearance, allows easy-to-make finger © Switchboards, switchgear and contro! panels 


USE THESE WIRES FOR 


/ Strips easily — with both hand and power stripping equipment. @ Radio and television transmitters 
Takes 90° bends — no braid cracking or bulging. 


Controlled quality — for uniform diameter, color and performance. 


Fireproof — will not ignite, carry or support flame. Passes Underwriters’ Labora- @ Control panels for motor starters 
tories Vertical Flame Test, withstands 900 volts after flame test. 


Stands high temperatures — rated at 90°C (194°F.) by N.E.C. 


Moisture resistant — minimum breakdowns after one hour in water: 15 KV for @ Hinged connections on swinging meter panels 
type AVB and 12.5 KV for type TA. 


High dielectric strength — minimum breakdown voltages: for type AVB — 
20 KV, for type TA — 15 KV. 


\ For complete details on 


: . Rockbestos Switchboard wires, 
PRODUCTS CORPORATION e ~ 


write for Bulletin RSS 71-96 
NEW HAVEN 4, CONNECTICUT 
NEW YORK « DETROIT « CLEVELAND « ST. LOUIS * CHICAGO « ATLANTA « PITTSBURGH « DALLAS » LOS ANGELES * OAKLAND » SEATTLE 


@ Motor driven rheostats 


@ Elevators, fire doors, cranes 


@ Motor leads, etc. 
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ELECTRICAL 


CONTACTS 


Contacts in BRALOY* 


(Silver-Cadmium Oxide) 


Resistance to sticking under high current and 
high inductive circuit conditions. Effective arc 
quenching properties. Can be supplied in the 
form of contact rivets, welding type contacts 
etc. Whether you are seeking advice on new 
applications, redesign, or wish your own designs 
executed, send us your requirements, and they 
will receive our most careful attention 


Extra KNOW-HOW 


for your specific design problems 
"Reg 


LAMINATED AND INLAID METALS 
PRECIOUS METAL PRODUCTS FOR ELECTRICAL MANUFACTURERS 


Zenith Automatic Transfer Switches assure full 
protection against any failure of regular voltage. 
Transfer to emergency power in a fraction of a 
second is automatic at 70% of line voltage. 
Regular power is restored at 90% of line voltage. 
Simple design sturdy construction 
switches lock mechanically through 
trouble-free toggle action . no springs, 
latches or delicate mechanisms. 
Available electrically or mechanically 
held, 30 to 400 amps. 


Send for free catalog oncomplete Zenith line. 


152 WEST WALTON STREET CHICAGO 10, ILLINOIS 
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W axe and Comy 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 


Lava Corp., Chattanooga 


Midland 


a cr 
Calif 
( 


Mass 


IRONS 


SOLDERING 
Ke nt 


nent 


ISOLATORS. VIBRATION and SHOCK 


See M RK é and Syr 


JEWEL LIGHT ASSEMBLIES See 
Lights, Pilot and Indicator 


JUMPERS, CIRCUIT 
{ W 


KNOBS, CAPS and HANDLES 


lla 8 N 


E. 6t Daytor 


) M ‘ 


> S. Broadway, D 


LACQUERS. ENAMELS. PAINTS and 
VARNISHES, FINISHING 


i I 


LAMINATED METALS, PRECIOUS and 
BASE (Sheet, Tube and Wire) 


Astor, Newark 


LAMINATED PLASTICS. See 


LAMINATIONS. MOTOR and 
TRANSFORMER 


Mag Met 


LAMPS, FLUORESCENT 
General Electric Cc Nela Park, Cleve 
Ohio 
ectrie Cort Gateway 
401 Liberty Ave 


CANDESCENT and 
ED 
o., Nela Park, Cleveland 


Corp Gateway 
401 Liberty Ave., 


LAMPS, MERCURY VAPOR 
veneral Electric ¢ Nela Park, Clevelar 


Corp Gateway 
401 Liberty Ave 


LAMPS, MINIATURE (Pilot and Indi- 
cator) 

General Electric Co Miniature Lamp 
Dept Nela Park, Cleveland 12, Ohio 

Westinghouse Electric Corp Gateway 
Center, Bidg. No 401 Liberty Ave.. 
Pittsburgh 30. P 


LAVA. See Ceramics 


LAYOUT FLUID 


Dykem Oo 0O3SF N. llth, St. Leu 
Mo 


LENSES, PRESSED GLASS 

Cornir ass Works 
Di 0 r N, ¥ 

Kopp Glas Swissvale, Pa 

Lancaste tlass Cory 20 «60WW Main 
Lancast Ohio 


Technical Pr 


LIGHTING FIXTURES 
Killark Electr 


jeventer 


Mo 


Manufacturing Co Var 
i Easton Aves., St. Louis 13 


LIGHTS, PILOT and INDICATOR 


Arrow-Hart & Hegeman Electric Cx 
Hawthorne Hartford 6, Conn 


Cannor Kiectri Co Dept 
Humboldt, Los Angeles 31, C 
Crouse-Hinds Co., Syracuse 1 
Dialight Cory 44 Stewart Ave 
| fe Se | 
Drake anufactur 
bard, Chicag 
Genera Electric Miniature Lam) 
Dept Nela Park, Cleveland 12. ¢ 
Hart Manufact ng Co 211 Barth mew 
Ave Hartfer 1, Conn 
Hetheringtor Ir 1200 Blmwoed Ave 
Sharon Hill "a 
Johnsor c E. F., 2331 Second Ave 
aseca, Minn 
mour Inc 
ae 
ional Co 
ag 1 Til 
uare D Co 4041 N 
waukee 12, Wis 


LOCKNUTS and LOCK WASHERS 


See Fasteners 


Solvay Stat 
1388 N. Kostner Ave 


Richards. Mi 


LUBRICANTS 
Fluidwick ¢ 5319 Kast Outer Dr De 
troit } Mict 
) Ww Oth, New York 2 


LUBRICATORS. OIL and GREASE 

Fluidwick ¢ 19 East Outer Dr.. De 
troit 34, Mich 

Gits Sr Mfg Co 
Ave Chicago 23, Nl 


1846 S. Kilbourr 


LUGS and TERMINALS 


AMP I 
Hart g. I 
Co.. Waterbury 20. Conr 
ichanar ectrical Products Corp 5 
Route 2. Hillside, N, J. 
Burnd Omaton Div 
Conr 


84 Bisenhower B 


Norwalk 
rmionic Corp 453 Concord 
ige 38. Mass 
ing Ce 211 Bartholomew 
urtford 1, Conn 
Kenilworth ©, N. J 
Dept F-10 47.9 M 
ncinnati 27, Ohio 
Co E. F 2331 Second Ave 
Waseca, Minn 
Howard B 
1. Il 
Hudepohl 043 Evans, Cir 
Ohio 
Manufacturing Co 
igo 24, Til 
of America, Cliften Blvd 


Cinch Mfg. Corp 


Verona Ave Newark 4 


610 Fayette Ave., Mama 


dD of Mlinois To Work 
arles Rd., Elgin, Ill 
Manufacturing Co., H. B Sat 

ek, Mict 

& Betts Co. Ine., 
lizabett 5 
Thompsor 

Machi 


MACHINES 
Balar 
P Pr 
Wir 


MAGNETIC AMPLIFIERS 

Airpax Products Co Fort Lauderdale 
Fla 

Berkeley Div. of Beckman Instruments 
Im 2200 Wright Ave., Riehmond 

Calif 

Control, Box 

Eseco Works 
Porter ¢ Inc., 

General Electric Co 
Div chenectady 5, N > 

- Inc., 1378 Main Ave 


Butler, Pa 
Delta-Star Div x. = 
Lockport, Ill 
om is Sales 


N. J 
Amplifiers Inc. 63 Tinton 
4 New York 55, N. Y¥ 
Vickers Electric Div., Viekers Inc., 1803 
Locust, St. Louis 3, Mo. 
Westinghe Electric Corp Gateway 
Center g. No. 3, 491 Liberty Ave 
Pittst ret -- Pa 


MAGNETIC BRAKES. See Brakes, Mag 


i 


MAGNETIC MATERIALS. See Strel Ele 
trical: Magnets. Permanent Magnet 
Recorder Components Powdered Metal 
Products 


MAGNETIC RECORDER COMPONENTS 

Driver (Cc Wilbur B 1875 MrCarter 
Highway, Newark 4, N. J 

Minnesota Mining & Mfg. Co., Piectrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 

Stromberg-Carlson, A Div. of General 
Dynamics Corp 117 Carlson Rad 
Rochester 3, N. Y¥ 


MAGNETIZERS and DEMAGNETIZERS 


Radio Frequency Laboratories, Inc., Boon- 
ton, N. J 


MAGNETS, PERMANENT 


Arnold Engineering Co. Marengo, Il 
Crucible Steel Co. of America, Chamber of 
Commerce Bldg., Pittsburgh 19. Pa 
General Electric Co., Metallurgical Prod 
ucts Dept.. 11131 E. 8 Mile Ave., De 
troit 32. Mich 
Indiana Steel 

Ind 
Thomas & Skinner Inc 1114 KE. 23rd 
Indianapolis 7, Ind 


Products Co., Valpariso 


MAGNET WIRE. See Wire, Magnet 


ELECTRICAL MANUFACTURING 





Thompson Precision Surface Grinder, Type C 


Thompson Grinders are world famous for accuracy. 
Their precision depends to a great extent, on the 
smooth running R & M hydraulic pump drive mo- 
tors and the motor parts in the spindle head. Since 
even slight vibration in a precision machine tool 
destroys fine surface finish, Thompson engineers 
have wisely chosen R & M Motors because of 
dependability and running smoothness. 

Freedom from vibration in a motor depends upon 
the physical balancing of moving parts and also 
the elimination of torque impulses set up in the 
windings. All R & M rotors are balanced to have 
less than .000025 inches of vibration amplitude 
and torsional vibration is eliminated by designing 
the windings for balanced magnetic symmetry. 

If your application requires smoothness, depend- 
able performance and is within the limits of 1/200 
to 200 H.P. contact your R & M representative, or 
write for Bulletin 520-EM 


ROBBINS 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


GD. * tf? eed Ge 


Motors Fans Hoist Moy f 
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MYERS, inc. 


)tans 


motor balance 


boosts Thompson 


precision! 


Circle 354 on page 17 





MOTORS 


Accuracy + .5 cps 


Miniature Timing Motors, Geared 


Subfractional, Under 1/20 Hp 


Fractional, 1/20, 4% Hp 


Integral, 1 to 74% Hp. 


Integral, Over 744 Hp. | 


with a Beckman/Berkeley Sonia — 


PUR aT aN ata Geos 


Low Voltages (Under 110) | | 


N/</W OO; QA;a\* 


Oe  —  __ —— 


Allis-Chalmers, Milwaukee 1, Wis, (KL Howard Industries, In HONTUVYZ, 
NOQRUVYZ Racine, Wis. (ABCDEFGHQ 
Allis Co., The Louis, Milwaukee 7, Wis. Howell Electric Motors Co., Howell, Mich 
pein os : KLNOQRUVYZ) FGKLMNOPQRT) 
* Drit es 0 Ima recorder Baldor Electric Co., 4353 Duncan Ave.. Jack & Heintz, Inc., 17620 Broadway, 
7 ° St. Louis 10, Mc FGKLN) Cleveland 1, Ohio (FK) 
* No reference frequency required pi reo a re ata Rock, Janette Electric Mfg. Co., Morton Grove, 
, . ockford, (BCEYZ Ill. (FGKLQRUV) 
" Bodine Electric Co., 2256 W. Ohio, Chi- _. “ 7 : “if- 
* Portable or rack mounted cago 12, Tl (ABCDERGHIQRTYZ&) ee a ee 
sista Borg Equipment Div George . Borg - a - 
Corp.. Janesville, Wis. (BCDE) Lamb Electric Co., Kent, Ohio (BCDEF 
Bristol Motor Div., Vocaline Co. of Amer- GHIQRS a) = 
ica, In 108 Coulter, Old Saybrook, Marathon mace ag hg ee 
Conn. (A) Randolph, Wausau, s. (FGKL ) 
. . . Century Electric Co., 1806 Pine, St. Louis Master Electric Co., Dayton 1, Ohio 
The Beckman/Berkeley Model 404 is specifically designed Mo. (FGKLNOPQRUVWYZ) (FGIKLMNOPQRTUVW) 
. ° . — ‘ Cramer Controls Corp., Box 8, Center- Merkle-Korff Gear Co.. 211 N aoe. 
for fast, accurate monitoring of frequencies near 400 cps. brook, Conn, (A) Chicago 7. Til. (ABCDEFGHIQRTE=&) 
” Daystrom Transicoil Corp., Worcester, Moen tre ting Co., 7 W. 24th, New York 
}; its |: ale exnansi »2ading : > aral- Montgomery County, Pa, (Servo) 10 Cc) 
With its large scale expansion, reading errors due to paral Dik Ee cn wnied Div Motoresearchi Co. 1600 Junction Ave., Ra- 
ay « >; ; fice leef ; i 1 - 2cti TQ Sing M fac i Co., 8 - cine is ( ) 
lax are insignificant. Useful for production inspection Se et aa” § «(Gan Mamaetinn On, dem Avionte 
. 7 i itc ac ‘ » Doerr Electric Corp., 510 N. 4th Ave., Div Racine Wis (BCFGHUVY&) 
measurements of generating units as well as other applica- Cedarburg. Wis. (®GKL) (Servo and Synchro) 


; Pa . : . = Eaton Mfg. Co Dynamatic Div., 3307 Rae Motor Corp., 2009 Kewanee, Racine, 
tions where a record of frequency is desired. Priced at only Fourteenth, Kenosha, Wis. (FKN) Wis. (BCDFGHYZ&) 


* a ‘ a Eclipse-Pioneer Div., Bendix Aviation Reliance Electric & Engineering Co. 24701 
$330 for the rortable, $380 rack mounted. For data sheet, Corp., Teterboro, N! J. (Servo) Euclid Ave., Cleveland 17, Ohio 
> Electra Motors, Inc., 1110 N. Lemon Rd.. PGELNOV) an : cue 
Ti p Anaheim, Calif Reuland Electric Co., Alhambra, ‘a 
write Dept. R12. Electric Specialty Co., 221 South, Stam- KNQ) 
ford, Conn. (FGIKLMNOPUVWYZ) Robbins & Myers, In Motor Div., 


Emerson Electric Mfg. Co., St. Louis 21 Springfield Ohio (BCDEFGIKNU) 
Beckma n° Mo. (FGIKLMQR) Robertshaw-Fulton Controls Co., Acro 
toni al Fasco Industries, Inc., Rochester 2, N. Y Div Columbus 16, Ohio (B) 
Berkeley Division BCDFGHYZ&) Scruges Co., Loyd, Festus, Mo. (BCD 
. General Electric Co., Apparatus Sales YZ& : sok . OD 
” right A ue, Richmond 3. Califc Div.. Schenectady 5, N. Y¥ Servomechanisms ne., echatro Div., 
£000 Wright Avenus, Richmond 3, California (BCDEFGHJKLMNOPQRSTUVWYZ&) 17 Brooklyn Ave., Westbury, L. 
, > . . General Industries Co., Dept. GL, Elyria N. Y¥. (Servo) 
a division of Beckman Instruments, Inc. Ohio (BQYZ) Smith Corp 4 ©.. Electric Motor Div.. 
. Globe Industries, Inc., Dayton 4, Ohio Tipp City, Ohio (FGKLNOQR 
Circle 355 on page 17 ao ; Sterling Electric Motors, Inc., 5401 Tele- 
Haydon Co.. A. W.. 234 N. Elm, Water- graph Rd., Los Angeles 22 Calif. 
bury 90 Conn. (CXZ) FKNQ 
Haydon Mfg. Co., In 2536 Elm, Tor- Ther Electric & Machine Works, 114 8 
rington, Conn. (ABCX YZ) Jefferson, Chicago 6. TI 


FOR BETTER BENCH Heinze Electric Co., 685 Lawrence, Lowell, U 3° calif (PK Mot rs re < ee 
in ae i ; stru- Wagner Electric Corp.. 6454 Plymo 
MOCK-UP TESTS! Henents, Ine, PO. Box 458. Newport. Ave, St. Louis 14, Mo. UPGKLNYZ) 


Beach, Calif Westinghouse Electric Corp., Gateway 


PY Holtzer-Cabot Motor Div., National Pnew- Center Bldg., No. 3, 401 Liberty Ave., 
e Wail . © matic Co._ Inc., 125 Amory, Boston 19 Pittsburgh 22, Pa. (BCDEFGHJKLM- 
ele} é if hegis , Mass (ABCEFGHQUVYZ) NOPQRS 


eT 


ew s MARKERS, IDENTIFICATION Continental-Diamond zine . A Sub. o 
: | : . . ste The Budd Co., Newark 13, Del. 
MOTOR “ig : pane SO Ine William, Willimantic Ford Radio & Mica Corp., 536-540 63rd, 


. - r , C > Brooklyn, N. Y¥ 
GENERATOR o lg . a gos & Teg Co., Dept. 9-364 General Electric Co., Laminated Products 


. 7 % - aan é Dept.. Coshocton, Ohio 
aK x K 7 ; ae ~. — Randolph Ave., Wood Insulation Manufacturers Corp.. 565 W. 
: ths o Ree a ; Washington Bivd., Chicago 6, Tl 
: Park Nameplate Co. Inc., 84-10 Linden yracatien Co., Bay Rd., Newmarket, N. H 
ravings: ati Mica Insulator Co., Sub. of Minnesota 
5 " . , MARKING MACHINES and DEVICES a 7? pees Co., Schenec- 
: ; oa i MODEL (For marking Wire, Foil, Plates, etc) py . 
AUTOMATIC ‘ : - 


: ate i r ? Kingsley Stamping Machine Co., 850 MICA UNDERCUTTERS 
ADJUSTMENT $ ; 45 EPOT Cahuenga Blvd, Hollywood 88, Calif. Ydeal Industries, Inc., 1008 Park Ave 
360 TO 440 CPS 


Sycamore, Il 
: MATERIALS HANDLING EQUIPMENT 
Fully automatic variable frequency motor generator set adjusts Continental-Diamond Fibre. A Sub. of MICROPHONES 
360 to 440 CPS. Generator mounted controls include reset but- The Budd Newark 13. Del, American Microphone, Electronics Div., 
tons, limit switch. Motor and generator remain stationary. Vari- National Vulcanized Fibre Co., Wilming- Elgin National Watch ¢ ie wa 
7 . , ton 99, Del Oaks Ave Pasadena, Cali 
drive pulley adjustment controlled by small motor. Robbins & Myers, Inc.. Crane & Holst General Electric Cr Apparatus Sales 
Div Springfield, Ohio Div., Schenectady 1, N. Y 
REMOTE Spaulding Fibre Co., Inc., Tonawanda, 


CONTROL . N. Y Cc Nand 
CONTROL PANEL Remote control fre- §@ ies “ag MICROSCOPES, INSPECTIO a 


: 3 MEASURING 
‘ Se ° 
Synchronous motor quency adjustmen , eiecinaseillnninichcatcinagalbgasee Bausch & Lomb Optical Co., 84717 St 
starter and genera- Varies speed ‘rom MERCURY SWITCHES. See Switches. Paul. Rochester 2. N. Y 
tor controls includ- !080 to 1320 r.p.m.. Opto-Metrie Tools, Ir 137EM Varick 
ing magnetic am- ‘hus varyi'a fre METALS, LAMINATED. See Laminated New York 13, N.Y P ; 
plifier, voltage reg- @4 oe y ‘ oe Metals, Precious and Base i B, N.Y. 
. mock-up es sta- 
wiser (6 caning. tion may be fe- METALS, PRECIOUS. See Gold; Lami. MOLDED INSULATION and MOLDED 
cated anywhere. nated Metals: Platinum: Silver PRODUCTS. See Ceramics; Mica; Plas- 


tics; Rubber 
METALS, RARE 
Fansteel Metallurgical Corp., North Cht- MOLDING MACHINES, PLASTIC 


. S — cago, Tl Newbury Industries, In Box 181, New- 
MANUAL ADJUSTMENT : xan é , Mallory & Co., Inc., P, R., Indianapolis bury, Ohi 
45 TO 60 CPS Bs " 6. Ind 


Easily adjusted by simple hand : , Wilson Go., H. A., Route 22, Union, N. J. MOLYBDENUM—(Sheet and Wire) See 
wheel controlling variable pitch " et also Contacts 

pulley V-belt arrangement. This ee . . METERS HOUR 2 i Fansteel Metallurgical Corp North Chi 
motor generator set gives 45 to ~ “ ‘ j Haydon Mfg, Co. Inc., 2536 Elm Tor- cago, I 

60 CPS output. Unit holds speed rington, Conn Mallory & Co., Inc., P. R., Indianapolis 
accurately. Frequency meter on : Hobbs Corp., John W., Div. of Stewart- 6, Ind 


generator panel. Single phase ; MODEL Warner Corp., 2078 Yale Blvd., Spring- MOTOR BASES, ADJUSTABLE 


generator speed- varies from 1350 : : 28XAD8 field, 1 
to 1950 rpm ; GENERATORS | Industrial Timer Corp., 1411 McCarter 411;. Ghaimers. Milwaukee 1. Wis 
ks van CYCLE A.C Highway, Newark 4, N. J. Lovejoy Flexible Coupling Co.. 4202 W. 
WRITE FOR FOLDER — IT’S NEW! OM 350 WATTS | MICA, GLASS-BONDED. 8 Lake Il 


TO 500 KVA See Glass- Snicego <8 
, : onded : 
a so MOTOR CONTROLS and STARTERS. See 
, ; ; ‘ ‘ MICA, MOLDED and LAMINATEI Controllers, Motor; Push Button Stations, 
Builders of fine Electrical eacuan Na 1928 (Sheets, Plate, Tape, Tubes, Rings Pert as j 
js us 128 MAXFIELD AVE Segments, Washers, ete.) MOTOR GENERATOR SETS 
Gey Ct. oe ACT MANKATO, MINNESOTA Brand & Co., Inc., William, Willimantic Eseco Works, Delta Star Div., H. K. 


} 


1, Conr Porter ¢ Ir Lockport n 
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Generator brushes wearing rapidly? 


Here’s how your TIONAL brush man 


TRADE MARK 


helped one steel mill increase brush life 400% 


Six-month brush life was the most this wear was reduced immediately. “National” N-4 brushes 
eastern steel mill could coax out of its are averaging two years’ service on this generator — a 

1500 kw generator. The result, reports 400% improvement in performance. 
“National” Carbon Brush Man Floyd Floyd Anderson and his fellow “National” Carbon 
\ Anderson, was frequent down time plus Brush Men have been solving industrial brush problems 
FLOYD ANDERSON some mighty expensive extras. for years. Their experience and training — backed by 
Rapid wear, film stripping, threading and grooving “National” /ong term brush development—make them the 
resulted in frequent stoning. Excessive maintenance logical consultants on any industrial brush application. 
made the down time problem even more costly. Call them today or write National Carbon Company, 
Floyd analyzed the generator’s work load and recom- Division of Union Carbide Corporation, 30 East 42nd 

mended “National” carbon brushes, grade N-4. Brush Street, New York 17, N. Y. 


UNION 
CARBIDE 


The terms " National’, 'N"’ and Shield Device, and ‘Union Carbide” are registered trade-marks of Union Carbide Corporation 


NATIONAL CARBON COMPANY - Division of Union Carbide Corporation « 30 East 42nd Street, New York 17, N. Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 
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EXTERNAL THREAD? 


with insert 
molded in 


> 


INTERNAL THREAD? 


with insert 
molded in 


MOLDED THREADS? 


on holders 


and caps S 


BRUSH CAPS TO FIT? 


Lay 


Many 
Stock Sizes 


Internal or 
External Thread 


MOLDED COMMUTATORS? 


} | if with or 


without prongs 
Complete Range 
of Stock Sizes 


or segmented 


Send Blueprint for Quotation 


Hic ert e —- 


ILLINOIS 
AND MANUFACTURING COMPANY 
Chicago Phone: Dickens 2-O777 


Long Distance: ONtario 2-1320 as 


ea 


* TOOLING - COMPRESSION - 


PLASTICS 


INJECTION 


Circle 358 on page 17 


28 Maxfield Ave., 


4441 S 
Calif 


t-Palmer Div 
Los Angeles 58 


MOTORS and GENERATORS. See Motors 
Table n Page is 

MOUNTINGS. RUBBER and 

SYNTHETIC 

Johns-Manville Dutch Brand Product 
800 Woodlawn Ave Chicag 19, I 


MOVEMENTS, CLOCK and TIMING 
Haydon C 4. W 234 North 


Haydon Mf Ir 35 I 


NAME and INSTRUCTION PLATES 


Croname, I 69 Grace, Chicago 


Lar 


Linden 


NICKEL and NICKEL ALLOYS 
(Rod, Sheet, Tubing, Wire) 


tra ( Waterbury 20, Conn 


C 115 W. Bern, Read 
Co.. Sub of Ken 
Waterbury 


iv Ww B 1875 

Highway Newark 4, N J 

Driver-Harris Co Harrison, N. J 

Elgin National Watch C Micronics Dis 

Elgin, I Cobalt Nickel) 

; Plate Div., Metals and Controls 
I Arte Ma 

nternational Nickel Co., I 7 «Wall 

New York 5, N Y 


McCarter 


NICKEL-SILVER 
(Rod, Sheet, Tubing, Wire) 
American Brass C<¢ Waterbury 20. Conr 
& Copper Cc Sut f Kee 
‘opper Corry Waterbury 20 


230 Park 
K. Porter 


Seymour 


NON-MAGNETIC IRON and STEEL 


See Steel, Stainless 


NUTS. See Fasteners 
OHMETERS. See Ins 
OILERS. See I 
OSCILLATORS 


OSCILLOSCOPES. Se 
Electror Re 


ik 


PACKAGING 


Conta Pa 


PACKINGS. See Gaskets 


PAINTS. See Lacquers, Enamels, Paints 


a Varnishes, Finishing 


PALLADIUM See Platinum and Plat 


PANEL CONTROL UNITS 
Allen-Bradley r i6 § 
waukee 4 Ww 
Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne Hartford ¢ onn 
ark Yontroller Co., 
ve 10 Ohio 
er In 1264 S Paul Ave 
1 Wis 
Corp., 202 20th Moline 1, 


Second, Mil 


152nd 


Delta-Star Electric Div 
Co Inc Lockport, Ill 
Co Apparatus Sales 
5 NY 


o., 99 Plum, Tren- 


Square Co 4041 N 
waukee 12, Wis 
Ward Leonard Electric Co., 34 
Mount Vernon ms 
Westinghouse Electric Corp,, Gateway Cen 
ter, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa 
Wheelco Instruments Div 
Co. 140 Rock 


Richards, Mil 


South, 


Barber-Colman 
Rockford, Tl 


PANELS, DIAL. See Dials and Panels 


Sheet 


PANELS, 
Metal 


PAPER 


Cottrell 


SHEET STEEL. See 
Fabricators 


INDUSTRIAL 


Paper Co Inc 88 
River Mass 
igsworth & Vose Co., East Walpole 


Purchase 


Virginia Pulp and Paper Co 
Park Ave., New York 17, N. Y 


PAPER, INSULATING 


Acme Wire Co.. 1255 Dixwell Ave.. New 
Haver 1 ‘onn 
Contine nd Fibre, A Sub. of 
The i », Newark 13, Del 
Cottrell Dp “o Inc., 88 Purchase 
Fall River Mass 
Dennison Manufacturing Co., 
Framingham, Mass 
General Electri Co 
Decatur Til 
Hollingsworth & Vose Co 
Mass 
Insulation Manufacturers Corp 565 W 
Ws ngton Blvd., Chicago 6, Il 
Irvingtor Minnesota Mining & 
Manufacturing Co 9 Argyle Terrace 
Irvington 1 N. J 
Johns- Manville tox 14 
ey 
Mica Insulé 
Mining & 
tady 1 
National 
ton 
Natvar Cort 
bridge 
Spaulding re Co Inc., 
N. Y¥. 
West Virginia Pulp and Paper Co. 
Park Ave New York 17, N. Y 


300 Howard 
Plastics Der 


East Walpole 


New York 16 


A Sub. of Minnes 
acturing Co Schene 


Fibre Co., Wilming 


Randolph Ave., Wood 


Tonawand 


PAPER, PHOTOGRAPHIC 
REPRODUCTION 


Oralid A D f 


Film Cort Jo} 


General Aniline & 
City, N. ¥ 


PAPER TRACING. See Tracing Clot! 


Film and Paper 
PARTS FEEDERS, SELECTIVE 


Syntron Co 490 Lexington Ave 
City. Pa Vibrator 


Homer 


PERFORATED MATERIALS 
Harrington & King Perforating Co., Ir 

5657 Filmore, Chicago 44, Ill 
PERMANENT MAGNETS. See Magnets 
Permanent 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 
Waterbury 20. Conr 
Chase Bra & Copper Co., Sub. of Ker 
necott Copper Corp., Waterbury 20, Conr 
Mallory & Co Inc P. R Indianapolis 
6 nd 


American Brass ¢ 


Miller (x eriden, Conr 

Revere Coppe Brass, Ine 230 Park 
Ave., New York 17, N. ¥ 

Riverside-Alloy Metal Div., H. K 
Co In Riverside N J 

Seymour Manufacturing ¢ 
Conn 


Porter 


Seymour 


PHOTOELECTRIC CELLS and TUBES 
General Electr Apparatu 3 
Div henectad \ 


Genera 


Div. i 
Louie 3, Mo. 


PHOTOELECTRIC CONTROLS 
General Electric ¢ Apparatus Sales Div 
Schenectady 5, N. Y. 
Mercoid Cort 1201 Beln 
41 Tl 
Phot ‘ ’ LM 
New York 7, N. Y 
Westinghouse t Corp.,Gateway Cer 
er, Bldg 401 Liberty Ave. 
wa r } r I rument ¢ 
f Da r I 614 


Ave Newark N 


Ave., Chicag 


PILLOW BLOCKS. See Block 
PINS, COTTER and LOCK. See Fa 


PLASTICS. COLD MOLDED and INOR- 
GANIC, See 


Ceramics 


PLASTICS MOLDERS, 
and FABRICATORS 


America Insulator Cory 
Pa 

Anchor Plastics Cx Inc., 
Long Island City 6, N. Y, 

Auburn Manufacturing (¢ 
Middletowr Conr 

Barber-Colman ¢ Dept. X 
Rockford iil 

Borden Co Resinite Dept 
Calif 

Brand & Co., In 
‘ nr 

Continental-Diamond Fibre, A Sub, of Tt 
Budd Co Newark 13. Del 

Cosmo Plastics Co., 32 14th, Cleve 
land 9 Ohio 

Crane Packing Co., 6424 Oakton, Mortor 
Grove, Til 

Davies Molding Co., 
Chicago 10, Ill, 

Dimeo-Gray C<¢ 
Ohio 


EXTRUDERS 


santa Barbara 


, William, Willimant 


Harry, 1428 N. Well 


E. 6th, Dayton 2 
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EMITTER CONTACT 


PNP ALLOY-DIFFUSED DRIFT 
TRANSISTOR STRUCTURE 


Opportunities for Semi-Conductor Engineers at 


Would you like to play a major role in the 
design, development, manufacture and appli- 
cation of transistors? 

IBM now has challenging assignments in the 
product development and application of semi- 
conductor devices for commercial data processing 
equipment. There are unlimited opportunities for 
professional achievement and advancement in our 
Laboratories at Endicott and Poughkeepsie, New 
York, and at our Manufacturing Facilities at 
Poughkeepsie, New York. 


Qualifications 


Advanced degree in electrical, mechanical 
or chemical engineering, physics, metallurgy 
or chemistry, and 


At least 2 years’ experience in the design, 
development, manufacture or application of 
semi-conductor devices and materials. 


Additional career opportunities are available in 
the following fields: 


¢ Numerical analysis and programming 


@ Memory devices 


For details, just write, outlining background 
and interests, to: 


Mr. R. A. Whitehorne, Dept. SS1L 
Mgr. of Technical Recruitment 
International Business Machines Corp. 
590 Madison Ave., New York 22, N. Y. 


DATA PROCESSING 
INTERNATIONAL ELECTRIC TYPEWRITERS 


MILITARY PRODUCTS 
BUSINESS MACHINES SPECIAL ENGINEERING PRODUCTS 


CORPORATION SUPPLIES 


TIME EQUIPMENT 


Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, 
Yorktown, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif. 





TWO-WAY 
LOCK NUT 


FOR FAST, AUTOMATED 
APPLICATION, 
WITHOUT SELECTIVE 
DEVICES 


OFF-THE- 
SHELF SIZES 


FULL THICKNESS 


WIDTHITHICK- 
ACROSS| NESS 


DOUBLE CHAMFERED 
ALL-METAL RE-USABLE 


Starts from either end —locks 
in body of nut, not at the 


crown 


MORE LOCKING POWER 
WHEN BOLT ——= 
ENDS MUST 

BE FLUSH 

WITH NUT 


Because the locking device is 
in the body of the nut, not at 
the ends, the lock is farther 
from the end of the bolt—a 
more positive lock even when 
oll threads are not used! 


Two 
LOCKING PRINCIPLES 
Two 


POINTS. 
OF LOCK 


Ovalized as well as 


THREADS 
PER INCH 





deflected at point 





of lock. Opposing center pres- 
4 #1, a. 
sure points give 180° spring Blank 


MAC LEAN-FOGG 7 


Lock Nut Company 5535 N. Wolcott Street, Chicago 40, tIL 
Circle 359 on page 17 


Available Jam Thickness 
V2" and Over. 


Biskc 


! 
NEW 223 
OPERATED 


IMPROVED COMPACT DESIGN 
FACILITATES MOUNTING 


In the new Series No. 800 the leads are 
integral with the switch . . . no exposed 
parts. Four terminal styles . . . space-type, 
solder-type, screw-type, and with wire leads. 
Switches suitable for mounting with nipple, 
snap fastener, or with special plates for 
individual appiications. Ratings: % amp, 
250 v; % amp, 125 v. Contacts are silver 
plated. UL listed. And ALCOR will produce 

special designs to suit your individual 

requirements. Tell us what you need. 


IDEAL FOR 
CONTROLLING LIGHTS 
IN MODERN... 


REFRIGERATORS, STOVES 
AUTOMOBILE DOORS 
BATHROOM CABINETS 
KITCHEN CABINETS 

FREEZERS 
VENDING MACHINES 
AND SIMILAR UNITS 


Write for details and prices 


ALCOR MANUFACTURING COMPANY 


4444 W. ROOSEVELT ROAD a CHICAGO 24, ILLINOIS 


Circle 360 on page 17 


American Cyanamid 
Ave., Cincinnati 32 


Crener ¥ 

Decatur, Il 

Gries Reproducer Corp 149 
New Rochelle N 

Div Minnesota Mining & 

Argyle Terrace, 


Plastics Dept 


Beechwood 


anufacturing Co., 9 
ingt ll N J. 
& Jacob Molding & Tool Co., 1204 
Trenton 8, N. J 
Ir 1419 S. Broadway, Day 
t Ohio. 
Mica sulator Co., Sub. of 
Minir & Manufacturing Co., 
tady N. ¥ 


Midwest Moluair 


Minnesota 
Schenec 


g & Mfg. Co., Gurnee, 96 


ional Vulcanized Fibre Co., Wilmingtor 


Randolph Ave Wood 
Inc Erie 4, Pa 
»., Commercial & Foster, 


Inc., Plastic Prod 
Manheim, Pa 
rp Roseland, N J 
2799 Lake, Melrose Park 
in Brothers, 8027 N 
Skokie ll 
Kostone Corp., 2405 S. Concord Rd., La 
fayette, Ind. 

Sparta Manufacturing Co., Div, of United 
States Ceramic Tile Co., Dover, Ohio 
Spaulding Fibre Cc Inc., Tonawanda 

N. ¥ 
Sylvania Electric Products, Inc., 1740 
yadway New York 19, N. Y 
Synthane Corp., 17 River Road, Oaks, Pa. 
Taylor Fibre Co., Norristown, Pa 
United States Gasket Plastics Div. of 
4 Garlock Packing Co Camden 1, 


Monticello Ave., 


se Electric Corp 
No 40 
Pa 


Gateway Cen 
Liberty Ave., 


PLASTICS—MOLDING, LAMINATING, 
CASTING and EXTRUSION 
COMPOUNDS 


Molding Compound 
Acetate 
Nitrate 
Phthalate 


Fort 


€ ormaldehyde 
Methac 


Tylate 


Chloride- 
Vinylidenechloride 
iny! Chloride Acetate 
inylidene Chloride 


Barrett Div Allied Chemical an 
Dye Corp., New York 6, N. Y (T 
Borden C¢ Resinite Dept., Santa Bar 
bara, Calif 
Ciba Cc Inc., 
Pa. (U) 
Dow Chemical Co., Midland, Mich. (F) 
Dow Corning Corp Midland, Mich. (S) 
juPont de Nemours & Co. (Inc.,), E. l 
Plastics Div Polychemicals Dept., 
Wilmington 98, Del. (ADGKLPR) 
Durez Plastics Div Hooker Electri 
chemical Co., 1312 Walck Rd., N. Tona 
wanda, N. Y (E) (Casting Resins) 
General Electric Co., Plastics Dept., 

Decatur, Ill. 

Glastic Corp., 4323 Glenridge Rd., Cleve- 
land 21, Ohio (Q) 

Goodrich Chemical Co., B - 
GD-6 3135 Euclid Ave., 

) Ohio (INVW) 

Houghton Laboratories, Inc., 

U) 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 
Koppers Co., Inc., Chemical Div., Koppers 

Bidg., Pittsburgh 19, Pa. (FH) 

Marbon Chemical Div. of Borg-Warner. 
Gary, Ind. (F) 

Minnesota Mining & Mfg. Co., 
Products Div., 900 Fauquier 
Paul 6, Minn. 

Ohio-Apex, FMC Organic Chemicals Div., 
Food Machinery and Chemical Corp., 
161 E. 42nd New York 17, N. Y. (CX) 

Plastics Engineering Co., 1607 Geele Ave., 
Sheboygan, Wis. (E) 

Resistoflex Co Roseland, N. J. (P* 

Rogan Brother 27 N. Monticello Ave. 
Skokie, Ill, (CEJ) 

Rostone Corp.. 2405 S. Concord Rd., La- 
fayette, Ind. (H) 

Shell Chemical Corp., 
380 Madison Ave., 
U 


Plastics Div., Kimberton, 


Dept. 
Cleveland 


Olean, N, Y¥ 


Hlectrical 
Ave., St. 


Chemical Sales Div., 
New York 17, N. Y. 


United States Gasket Co 
of The Garlock Packing Co., 
N J (P) 


Plastics Div., 
Camden 1 


PLASTICS, SHEETS, RODS and TUBES 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa, (Di- 
electri Sheets) 

Borden Co., Resinite Dept., Santa Barbara, 
Calif 

Cleveland Container Co., 6201 
Ave Cleveland 2 Ohio 

Continental-Diamond Fibre, A Sub. of The 
Budd ¢ Newark 1 Del 

Formica Corp A Sub of American 
Cyanamid, 4521-7 Spring Grove Ave., 
Cincinnati 32 Ohio 


Barberton 
(Tubes) 


Genera Electric Co Plastics Dept., 
Decatu l 
Gereral Electric Co., Laminated Products 
Dept Coshocton, Ohio. 
Glastic Corp., 4312 Glenridge, 
17, Ohio cae 
Houghton Laboratories, Inc., Olean, N. Y 
Insulation Manufacturers Corp 65 W 
Washington Blvd Chicago 6, Ill : 
Mica Insulator Co., Schenectady 1, N. Y 
National Vulcanized Fibre ¢ Wilming 
ton, 99, Del 
Resistofilex Corp Rose 
Ryerson & Son, Inc., J 
8, Ill 
Spaulding 
x. = 
Taylor Fibre Co., Norristown, Pa 
Westinghouse Electric Cort Gateway 
Center Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


Cleveland 


land N J 
oseph T., Chicago 


Fibre Co In Tonawanda, 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts 

Works, 231 New Jer- 
Newark 5, N. J 

Newark 5, 


American Platinum 
sey Railroad Ave 

Baker & ( Ir 113 Astor, 
se 

Brainin Co., s 
Vernon Y 

General IP » Div 
Corp 1912 Forest 

Handy & Harman, 82 Fulton 
38 N Y 

Ney ( J. M ».O. Box 990 
1, Conn 

Wilson («  - 


318 Washington, Mt 


Metals and Controls 
Attlebor Mass. 
New York 


Hartford 


Route 22, Union N. J 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Ra Chicago 45, Ill 


PLUGS and JACKS, COMMUNICATION 


Audio Development C« 2836 13th Ave., 
South Minneapolis 7 Ming 

Richards Electrocraft In 432-36 N 
Kedzie Ave., Chicago 25, Ill 

Switchcraft, Inc., 1328 N 
Chicago 22, Il. 


Halsted, 


PLUGS and RECEPTACLES 


Alcor Manufacturing Co., 4444 W. Roose 
velt Chicago 24, Ill 

Amphen Electronic Corp., 1830 8S. 54th 
Ave., Chicago 50, Tl, 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Cont 

Automatic Electric Sales Corp 
lake, Til. 

Beiiien Mfg. Co., 
Chicago 44, Il 

Cannon Electric Co Dept. 500, 3209 
Humboldt, Los Angeles Calif 

Circle F Mfg. Co., Trenton 4, N. J. 

Constantin & Co., L. L., Route 46, Lodi, 
N. J. 

Cornish Wire Co., Ir 50 Church, New 
7a 3, BN. 

Crouse-Hinds Co., Syracuse 1, N. Y¥ 

General Electric Co., Construction Mate- 
rials Div Sridgeport 2, Conn 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartfor 1, Conr 

Johnson Co., E. F., 2331 
S. W., Waseca, Minn 

Jones Div., Howard B.,. Cinch Mfg. Corp.. 
Chicago 24, Il 

Methode Mfg. Co., 7447 W. Wilson Ave.. 
Chicago 31, Ill 

Molex Products Co., Brookfield, Il. 

Pass & Seymour, Inc., Solvay Station, 
Syracuse 9, N. Y., 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ill 

Royal Electric Corp., Pawtucket, R. I 

Stromberg-Carlson. A. Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3. N. Y. 


North 


4633 W. Van Buren, 


Second Ave., 


PNEUMATIC TOOLS and EQUIPMENT 
Gardner-Denver Co., Quincy, Ill 


PORCELAIN, See Ceramics. 


POSTS, BINDING 
Littelfuse, Des Plaines, Il. 


POTENTIOMETERS. See also Rheostats 


Ace Electronics Associates, Dept. EM, 101 
Dover, Somerville 44, Mass 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4, Wis. 

Borg Equipment Div 
Corp., Janesville, Wis 

Bourns Laboratories, P. O. Box 2112 
Riverside Calif. 

Clarostat Mfg., Co., Inc., Dover, N. H. 

Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston. N. J 

Daystrom Transicoil Corp., 
Montgomery County, Pa 

Gamewell Co., Newton Upper Falls 64, 
Mass. 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., P, O. Box 458, Newport 
Beach, Calif. 

Internationa! Resistance Co., 
Philadelphia 8, Pa 

Ohmite Manufacturing Co., 3613 Howard, 
Skokie, Ill. 

Stackpole Carbon Co., St. Marys, Pa 

Waters Manufacturing Inc., Wayland, Mass. 

Weston Electrical Instrument Corp * 
Sub. of Daystrom, Inc., 614 Freling- 
huysen Ave., Newark 5, N. J. 


George W. Borg 


Worcester, 


401 N. Broad, 


POTS and LADLES, MELTING 
General Electrical Co., 

Div., Schenectady 5, N . 
Vulcan Electric Co.. Danvers 2, 


Apparatus Sales 
Y 


Mass 


POWDERED METAL PRODUCTS. See 
also Bearings and Bushings; Contacts 
Amplex Div., Detroit 31, 

Mich, 
Gibson Electric Co., Old Wm. 
Highway, Delmont, Pa 


Chrysler Corp., 


Penn 
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CHOOSE 


Spaulding Supergrey Vulcanized Fibre. 


Known in all industries for its exceptional 
hardness, density and resilience, Spaulding 
Supergrey withstands the impact of heavy 
shock loads. Its extremely smoot# wear 


Mi 
will not mar contacting surfaces. Mag 


wm 
Spaulidite Thermosetting Plastic. 


Ideal for uses where dimensionat,, 


stability plus good wearing quality’must 


be maintained under severe 
operating conditions. 


Both Spaulding Supergrey Fibre 

and Spauldite are light in weight, highly 
resistant to corrosion and quiet in 
operation. Spaulding will fabricate 
either to your exact specifications. 


Consult the nearest Spaulding Branch 
Sales Office for Full Information. 


SPAULDING FIBRE COMPANY, INC. 
310 WHEELER STREET TONAWANDA, N. Y. 


SPAULDING BRANCH SALES OFFICES WE MAKE AND FABRICATE 


ATLANTA 7, GA Chicago Area: Newark, N. J. Area: VULCANIZED FIBRE: In sheets, rods, tubes 


1250 South Oxford Rd., N.E. 


BALTIMORE 18, MD. 
2104 North Charles St. 


BERKELEY 9, CALIF. 
1780 Shattuck Ave 


BOSTON 16, MASS 
585 Boylston Street 


Boston Area: 


WELLESLEY HILLS 82, MASS. 


44 Washington Street 

BRIDGEPORT 6, CONN. 

2626 Main Street 
CAMDEN 1,N. J. 

227 South Sixth Street 
CHICAGO 34, ILL. 

7644 West Belmont Avenue 
CHICAGO 25, ILL. 

4770 Lincoln Avenue 


CHICAGO 38, ILL. 
5604 West 63rd Street 
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BERWYN, ILL. 
3247 Grove Avenue 

CLEVELAND 20, OHIO 

3494 Lee Rood 
CLEVELAND 16, OHIO 

19035 Detroit Rd., Rocky River 
DAYTON 2, OHIO 

136 So. Ludiow Street 
DETROIT 1, MICH. 

4612 Woodward Avenue 
FORT WAYNE 6, IND. 

2301 Fairfield Avenue 
LANSING 10, MICH 

2021 South Cedar Street 
LONG ISLAND, N. Y. 

90-34 Jamaica Avenue 

Woodhoven 21 
LOS ANGELES 15, CALIF. 

1325 Son Julian Street 


MILWAUKEE 16, WIS 
8338 West Lisbon Ave 


WESTFIELD, N. J. 
113 Central Avenue 

NEW YORK 55, NEW YORK 

384 Eost 149th Street 
ST. LOUIS 5, MO. 

7247 Olive Street Road 
ST. LOUIS 17, MO. 

1500 Big Bend Blvd. 
SYRACUSE 3, N. Y. 

1206 East Water Street 
TONAWANDA, N. Y 

310 Wheeler Street 
TORONTO, ONT 

106 Lakeshore Road, E. 

Port Credit, Ont 
LONDON, ENGLAND 

Spaulding’s LTD 

40 Gloucester Way 

Clerkenwell, London E.C. 1 
PARIS, FRANCE 

la Fibre Vulcanisee—Spaulding 

27 Rue Vincent Compoint 
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ond fabricated parts 


ARMITE: Thin Insulation (Fish Paper) in sheets, 
rolls, coils and fabricated parts 

SPAULDITE: (Laminated Thermosetting Plastic) 
in sheets, rods, tubes and fabricoted parts. 
SPAULDO: Motor Insulation in sheets, rolls, 
coils, slot cells and other fabricated ports. 
SPAULDING FIBRE BOARD: In sheets ond fab- 
ricated parts 

SPAULDING T BOARD: A superior Transformer 
Boord in sheets and fabricated parts. 
MATERIALS HANDLING PRODUCTS: 


Trucks, Boxes, Barrels, Trays, etc. 


SPAULDING FABRICATING FACILITIES: 
Spaulding's fabricating facilities for these 
products are unsurpassed the world over. You 
can save time and money by letting us do your 
fabrication. We'll be glad to quote on specific 
jobs without obligation 


Factory 





Sherman 


Lugs 


Sherman Solderless SS Type 
“All-Around” lugs are made 
in six sizes — #14 to 1000 
MCM. Large contact surface for 
maximum conductivity. Open 
end barrel assures proper cable 
installation. Low silhouette — 
easy to install in tight places. 
Precision made and corrosion 
resistant. 


Sherman — Known for quality 
since 1895. 


H.B. SHERMAN 
MANUFACTURING CO. 


BATTLE CREEK, MICHIGAN 


Circle 362 on page 17 


Te LL 


TTB TT 


ALG | 


UNIMAX 


UNIMAX 
Type WLL 


3 BIG ADVANTAGES 
with this UL-listed snap-acting switch! 


@ Costs “% less than other snap-switches. 

@ Handles 15 amp. at 125/250 volts a-c. 

© Quick-connect terminals for snap-on 
wiring give fast installation. 


Let us show you 
how the 
Unimax WL can cut 
your switch 
and assembly costs. 


UNIMAX SWITCH 


. 
aT TET ered “1e 4 y CUTE z 


IVES ROAD, WALLINGFORD, CONNECTICUT 


re re 
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Grapt 
Mich. 


Saginaw & 


POWDERS, METAL 


American Platinum Works, 231 New Jer 
sey Railr Newark 5. N. Y 
Handy & Fulton, New York 

38, N 
Jerse I 160 Front, New 
ork trass, Bronze, Cop 
I and Zinc) 


POWER SUPPLY UNITS 


American Television & 
Pau Minn 

Electro Products Laboratories, In 4501 
N. BR swood Ave., Chicago 40, IIl 

Mallory & C« Inc., P. R., Indianapolis 6 
Ind 


Servomechanisms Inc 


Radio Ce St 


Mechatrol Div 17 

Brookly Ave., Westbury, L. I N. Y 

Texas Instruments Incorporated, 6000 Lem 
mon Ave Dallas Texas 


PRINT MACHINES 


Oza ‘s D 
Cort 


M 
Ohio. 


PUSH BUTTON STATIONS 
Allen-Bradley ¢ 1316 8S 
waukee 4, Wis 
Allis-Chalmers Milwaukee 1, Wis 
Arrow-Hart & Hegeman Electric Co., 
Hawthort Hartford 6, Conn. 
Automati 5 tri Sales Corp., 
lake, Ll 
ark Cont er Co., 1146 E 
Cleveland 10, Ot 
yuse-Hinds Cx Syracuse 1 
er-Hammer Ir 1264 St. Paul 
Wis 
‘ 24 McKee 


Second 


Minneapolis 
Freeport, I 
Kostner Ave 


Richards, Milwau 


Div e.. 4 


Carlson 


Gateway Cen- 
Liberty Ave., 


PYROMETERS 
ton Electrica Instrument Corp A 
f Daystror ., 614 Freling 
Ave Newark 5, N. J 
Instrument Div Barber-Colmar 
1403 Rock, Rockford, Il 


QUARTZ, FUSED 


Amersil ¢ Inc., 685 Ramsey 
i N. J 


REACTORS See Transformers 


RECORDER COMPONENTS, MAGNET- 
IC. Se Instruments 


RECORDERS, COMPUTER. See Instru 
nents, Electroni 


RECORDERS, 


See Ir 


GRAPHIC 


RECORDERS, OSCILLOGRAPHIC 
Midwestern Instruments, 41st and Sheri- 
i Tulsa, Okla 
Industrial Div., 17 
i Mass 


>» Wyman, 


RECTIFIERS, SEMICONDUCTOR 


Fanstee Metallurgical Corp Rectifier 
Di North Chicago, Ill. (Selenium) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Cory 100 Kingsland Rd., Clifton 
N. J 

General Eleetric Co., Apparatus Sales Div 
Schenectady 5, N. Y. (Selenium, Copper 
Oxide, Industrial Germanium) 

General Electric Co., Semiconductor 
Products, Electronics Park, Syracuse 1 
N. 7 Germanium Diodes, Germanium 
and Silicon Rectifers) 

Hoffman Semiconductor. Div. of Hoffman 
Electronics Corp., 930 Pitner Ave., 
Evanston, Ill 

International Rectifier Corp., 1521 E. 
Grand Ave. El Segundo, Calif. (Selen- 
lun Germanium, Silicon) 

International Resistance Co., 401 N. 
Broad, Philadelphia 8, Pa, 

Mallory & Co., Inc., P. BR 
€ Ind Magnesium -Copper 

Radio Receptor Co., Inc 
Div., 240 Wythe Ave 
Germanium Diodes 

Sarkes Tarzian, Inc., 
M-3., 415 N. 
ington, Ind 

Syntron Co., Homer City, Pa 

Ther Electric & Machine Works, 11A 8 
Jefferson Chicago 6, Ill. (Selenium) 


Indianapolis 
Sulphide) 
Semiconductor 
. Brooklyn 11, N.Y. 
Selenium) 
Rectifier Div., Dept. 
College Ave., Bloom- 


Transitron Electronic Cory Wakefield, 
Mass Silicon) 
Union Switch & 
€ Air Brake Cc 
Pa Seleniu 
Vickers Electri Vickers Inc., 
8u3 Locust suis 3, Mo 
Westinghouse Electri Gateway Cen 
er Bldg No 3, Libert Ave. 
Pittsburgh 30, Pa 


Signal Div Westing- 
*ittsburgh 18, 


RECTIFIERS, TUBE TYPE 


A llis-Chalmers Milwaukee 1 wi 
Amperite ¢ Inc., 561 Broadway New 
York 12, N. Y¥ 
Fitel-McCullough I Sa Bru 
Electrons, In 
N. J 
General Electric Co 
Di Schenectady 5 
RCA Electron Tube Div 
America, Harrison, N. J 
Westinghouse Electric Corp., Gate 
ter Bldg Ne 401 Lib 
Pittsburgh 30, Pa 


Calif 
Sussex Ave., Newark 


Apparatus 
N ; 
Radio 


REGULATORS 
ce 


MOTOR SPEED 
mitrollers, Motor 


REGULATORS, 


Thermostats 


TEMPERATURE 


REGULATORS, 


rransformers 


VOLTAGE See 


Variable Voltage 


Al Chalmers, Milwaukee 1 Wis 
Amperite ¢ Inc., 561 Broadway, New 
York 12 Y 
Curtiss i Corp 
seco Delta-Star Electri Div 
H. K. Porter Co., Ine., Lockport, Ill 
General Eleetric Co., Apparatus Sales Div 
Schenectady _. = 
ffman Semiconductor Div. of Hoffman 
Electronics Corp 930 Pitner Ave., 
Evanstor Ill 
R-B-M “‘Control’’ Div., Essex Wire Corp 
Logansport ! 
Electric Co., 
Il 
andard Electrical Products Co., 
Third, Dayton 3. Ohio 
Vickers Electric Div Vickers Inc 1803 
St. Louis 3, Mo 
use Electric Corp 
dg. No, 3, 401 
30 Pa 


Carlstadt, N. J 


4633 W. 16th, Chicago 


2240 E 


, Gateway Cen 
Liberty Ave 


RELAYS and CONTACTORS 


AEMCO, Inc., 50 State, Mankato, Minn 

7A Div. of Elastic Stop Nut Corp 
America, 1027 Newark Ave., Blizabeth 
N. J 

Adams & 
Mercury 

Ailen-Bradle Co., 1316 S$ 
waukee 4 

Allied Cont Inc., 2 East End Ave., 
New York 2 N. ¥ 

Allis-Chalmers, Milwaukee 1, W 

Amperite Co Ine 561 Broadway, New 
York 12 N x (Delay Thermostatic 
Metal Bulb Type) 

Anderson Controls, Inc., 2777 
Rd., Des Plaines, Il 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Contr 

Automati Electri Sales Corp 
ake, Til 

Automatic Switch Co., M Hanover Rd 
Florham Park. N, J 

Barber-Colr Ce Dept. X, 1203 Rock 
Rockford, Ill 

Bristol Motor Div Voecaline Co of 
America Inc 08 Coulter, Old Sa 
brook, Conn. Time Delay 

Clare & C Cc. P., 3101 
Chicago 45, I 

Comar Co., 3349 
Chicago 18, Ill 

Cramer Controls Cort 
Conn 

Curtiss 


Westlake Cc Elkhar Ind 


Second, Mil- 


Mannheim 


North 


Pratt Blvd 

Addison 

Box 8, Centerbrook, 

Wright Corp., Carlstadt, N. J 
Time Delay 

Cutler-Hammer Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis 

Durakool, Inc Elkhart, Ind. (Mercury 

E-T-A Products Co. of America, 5085 N 
Elston Ave., Chicago 50, Ill 

Ebert Electronics Corp., 212-05 Jamaica 
Ave Queens Village 28, N. Y 

Edison Industries, Thomas A., Instrument 
Div., McGraw-Edison Co., West Orang¢ 
N. J 

Electro Tee Cort 

Elgin National 
Div Elgin, Il 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N.J 

Filtors, Inc., 30 Sagamore Hill Dr Port 
Washington, L. L, N. ¥ 

G-V Controls Inc., 8 Hollywood 
East Orange, N. J 

General Electric Co Apparatus 
Div Schenectady 5, N 

Guardian Electric 7-P W Walnut 
Chicago 12, Il 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Haydon Co., A. W., 234 N. Elm 
bury 20, Conn. 

Haydon Mfg. Co., Inc., 2536 Elm, Tor- 
rington, Conn 

Heinemann Electric Co., 99 Plum, Trenton 
2, N. J. (Time delay) 

Jennings Radio Manufacturing Corp 970 
McLaughlin Ave., P. QO. Box 1278, San 
Jose &, Calif 

Kellogg Switchboard and Supply Co., 6650 
S. Cicero Ave., Chicago 38, Tl. (Mag 
netic Impulse) 

Lakewood Controls Corp 
Crystal Lake, Ill 

McQuay-Norris Manufacturing Coe., 
Marconi, St. Louis 10, Mo 

Magnecraft Electric Co., 3352 W 
Ave Chicago 51, Til 


, South Hackensack, N. J 
Watch Co Electroni 


Plaza 


Sales 


Water 


264 KE. Prairie 


Grand 
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MORE THAN 

50,000 

DIFFERENT SPECS 
HAVE BEEN FILLED 

BY THESE 6 HOWARD 
UNIVERSAL AND D.C. 
FRACTIONAL H.P. MOTORS 


These 6 Howard motors account for over” ¢- 
50,000 specifications, both military and com- GEAR REDUCTION UNITS 
mercial. One reason for this wide use is | 

Howard's ability to produce variations ex- | 


. = Rat 
actly suited to specific needs. — 


Howard motors have such field-proven en- 
gineering features as automatic slot cell inser- 
tion, which practically eliminates “‘grounds;” 
Zanderoll processed double dipped and dou- 
ble baked armatures providing deep, uniform 
varnish penetration for high bond strength 
and rock-hard coils minimizing “shorts and 
opens;” improved brushholder construction 
for accurate alignment and longer life; 2 
stage, 3-plane dynamic balancing; and auto 
matic winding for tough compact coils, giving 
uniform performance. 


If you are currently using universal and 
D.C. motors from 1/200th to 4% H.P., check 
with Howard today. 


ELECTRICAL SPECIFICATIONS 


MODEL IIA MODEL 100 MODEL 512 


SERIES SHUNT SERIES SHUNT SERIES | SHUNT 
MOTOR MOTOR MOTOR | MOTOR MOTOR MOTOR 


oe 
as |_| 
Pim ml 


4 Ts [isan 


M | 3.5- 

i a 

| 
4 | 4 
mt 6 
30 «| ~—(30 
35 35 

12-115 6-120 


CW, CCW, 
REV 


1 


1/ 

35 | 
B10 | satan | 
45 | 45 
2-120 | 6 


32 


cw, CCW, | cw, CCW, 
REV. REV. 


M 
5 | 1.5 


cw, CCW cw, CCW 
REV REV 


Maximum H.P. ratings are shown. Variations are available for less power to meet application requirements 


UNIVERSAL & D.C. 1/200 to 1/2 h.p. » SHADED POLE 1/2000 to 1/8 hp. 


aif 
Other Howard motors: / inouctioN 1/1400 to 1/8 h.p. + SERVO MOTORS - GEAR MOTORS - BLOWERS 


HOWARD INDUSTRIES, INC., 1720 STATE ST., RACINE, WIS., TELETYPE: RAC 344 


/ 208S 1 Salle St., Chicago 4 
» Brea Ave., Los Angeles 3¢ 
Sales Offices | La Brea Ave., Los Ange a 
| Roon Empire State Bldg., New York} 


, New Jersey 


DIVISIONS: (FM@)ELECTRIC MOTOR CORPORATION © erveronm MOTOR CORPORATION (a RACINE ELECTRIC PRODUCTS 
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Ist Doing 4 Little Exploring! 
Tf you’re the man 
whose product needs 
this Tung-Sol Relay -- 
then it’s you I’m 
exploring for 


Tung-Sol produces a line of thermal relays in the 
general operating range characterized by the Type 
609. Snap action contacts and extremely sensitive 
actuating heater elements provide uniform cycling. 
Operating principle permits manufacture of time delay 
relays and relays which function on small differential 
of voltage and current. Compact and lightweight, 
Tung-Sol relays are ideal for instruments and elec- 
trical equipment application. 


NOMINAL DESIGN CONSIDERATIONS 
Contact capacity..... 
Contact arrangement 
Operating power 
Time delays 


1 amp 30 volt resistive 
. SPST (NC) or SPDT 
As low as 2 watt 

Up to 5 seconds 


Operate on current differential as small as .05 amps 
Operate on voltage differentiol as small as .3 volts 


TUNG-SOL 
RELAY 
10h] 


Ce 


=z 


NOMINAL CHARACTERISTICS OF 609 

-6.4 volts 

1. plus or minus .5 seconds 

. plus or minus .5 seconds 
..+l amp at 30 volts 


Operating voltage..... 
Operating time 
Release time 
Contact capacity 
Contact arrangement.... 


For additional data write 
Electroswitch Division, Tung-Sol Electric Inc., Newark 4, N. J. 


Sales Offices: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; Dallas, 
Tex.; Denver, Colo.; Detroit, Mich.; Irvington, N.J., Melrose Park, Ill.; 
Newark, N.J.; Philadelphia, Pa.; Seattle, Wash. Canada: Montreal, P.Q 


(ts) TUNG-SOL THERMAL 


RELAYS 


Circle 365 on page 17 


ve., Chicago 
3613 Howard 


hillips Contrc 
Joliet, Ill 
Potter & Brumfield Mfg. Co., Inc 
of American Machine 
Princeton, Ind 
Price Electric Corp 
rick, Md 
R-B-M ‘‘Control’’ Div 
Logansport, Ir 
RCA Electron Tube Div., 
America, Harrison, N. J 
Relay Sales, Box 186-B, West Chicago, Ill 
Sigma Instruments in , 60 Pearl, South 
Braintree 85, Mas 
Square D Co., 4041 N. 
kee 12, Wis 
Standard Electrical Products Co., 
Third, Dayton 3, Ohi 
Stromberg-Carlson, A Div of 
Dynamics Corp, 117 
Rochester 3. N. Y. 
Tung-Sol Electric Inc., 
Newark 4, N. J 
Union Switch & Signal Div 
Air Brake Co., Pittsburg 18, Pa 
Ward Leonard Electric Co., 34 
Mount Vernon, N. Y. 
Westinghouse Electric 
Center, Bldg. No. 3, 
Pittsburgh 30, Pa 
Weston Electrical Instrument Corp., A’ sub 
of Daystrom Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 
Wheelock Signals, Inc 273 
Ave., Long Branch, N. J. 
Wiegand Cx Edwin L 
3ivd., Pittsburgh 8, Pa 
Zenith Electric Co., 152 W. 
cago 10, Ill. 


59 W. Washington, 


Sub 
& Foundry Co 
1500 Church, Frede- 
Essex Wire Corp., 


Radio Corp. of 


Richards, Milwau- 
2240 E 


General 
Carlson Rd., 


Electroswitch Div., 
Westinghouse 
South 


Corp., Gateway 
401 Liberty Ave., 


Branchport 
7530 Thomas 


Walton, Chi- 


REMOTE CONTROLS. See 
Stations; Relay 
es Controls 
ture, 


Button 
Switch 
Tempera 


Push 
and Contactors 
Pressure and 


RESINS, INSULATING. See Varnishes 
Compounds and Resins, Insulating. 


RESISTANCE ALLOYS 

Driver { Wilbur 
Highway, Newark 4, } . 

Driver-Harris ¢ Harrison, N. J. 

Kanthal Cory 3 Amelia Stamfor 
Conn. 


McCarter 


RESISTANCE 
Heating Elements and 


HEATING UNITS. 
Units 


See 


RESISTANCE LINE CORDS 


General Electric Co Construction 
rials Div., Bridgeport 2, Conr 


Mate 


RESISTANCE WIRE. See Wire, Resist 


ance 


RESISTORS, INSTRUMENT and RADIO 


Aerovox Corp New Bedford, Mass 
Allen-Bradley Co., 1316 8S. Second 
waukee 4, Wis 

Amperite Co., Inc 561 Broadway, 
york 12, N, Y. (Bulb Type) 

Centralab Div of Globe-Union, Inc., 
914 E. Keefe Ave., Milwaukee 1, Wis 

Clarostat Mfg. Co., Inc., Dover, N. H 

Corning Glass Works, Tecnnical Products 
Div., Corning, N. Y 

Cutler-Hammer Inc., 1264 St. 
Milwaukee 1, Wis 

Daven Co., 536 W. Mt 
Route 10, Livingston, N. J 

Erie Resistor Corp., Electronics Div., 
Pa 

Hardwick, Hindle, Inc., 
ark 5, N. J 

International Resistance Co., 
Philadelphia 8, Pa 

Mallory & Co., Inc., P. R., 
6, Ind 

Ohmite Manufacturing Co., 
Skokie, Ill 

RCA Electron Tube Div., Radio Corp., of 
America, Harrison, N. J 

Resistance Products Co., 
Harrisburg, Pa 

Sprague Electric Co., 307 
Adams, Mass 

Square D Ce 
kee 12, Wis 

Stackpole Carbon Co., St 

Texas Instruments Incorp¢ 
Lemmon Ave Dallas 9 

Tru-Ohm Products, Div. of 
neering & Mfg., Inc., 

Ward Leonar 
Mount Vernon, N. Y¥ 

Weston Electrical Instrument Corp 
of Daystrom Inc., 614 
Ave., Newark 5, N. J 


Mil- 


New 


Paul Ave 


Ave 


*leasant 
Erie, 


40 Hermon, New 


401 N. Broad 


Indianapolis 


3613 Howard 


914 8S. 13th 


Marshall, North 


4041 N. Richards, Milwau 
Marys, Pa 
rated 6000 
Texas 

Model Engi 
Chicago 18, Ill 
Electrie Co., 34 South 


A’ sub 
Frelinghuyser 


RESISTORS, POWER CIRCUIT 
Allen-Bradley Co., Second, Mi 
waukee 4, Wis 
Cutler-Hammer Inc., 
Milwaukee 1 Wis 
Daven ({ 536 W Mt. Pleasant Ave 

Route ngston, N. J 
Erie Resiste rp., Electronics Div., 
Pa 


1316 8 


1264 St. Paul Ave 


Erie 
Apparatus Sales Div., 
Y 


ne., 40 Hermon, New- 


, 401 N. Broad 


P. R., Indianapolis 
Ohmi 
Il 
Sprague 
Adams 


Howard 


Skokie 


307 Marshall, North 


Tru-Ohm Products, Div. of Model Engi 
neering & Mfg In Chicago 18, Ill 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, N. Y¥ 


RESOLVERS. See Servomechanisms 


RHEOSTATS, INSTRUMENT and RADIO 


Allen-Bradley C« 1316 8S Mil 
waukee 4, Wis 

Amperite Co., Inc., 561 Broadway, 
York 12, N. Y¥. (Bulb Type) 

Clarostat Mfg. Co., Inc., Dover, N, H 

Cutler-Hammer Inc., 1264 St. Paul Ave 
Milwaukee 1, Wis 

Hardwick, Hindle, Ine., 
ark 5, N. J 

Mallory & Co., Inc., P. R., 
6, Ind 

Ohmite Mfg. Co. 
Nl. 

Rex Rheostat Co., 

Tru-Ohm 


Second, 


New 


4) Hermon, New 


Indianapolis 


3613 Howard, Skokie, 

Baldwin, L. I., N. Y. 

Preducts, Div. of Model Engi- 
neering & Mfg., Inc., Chicago 18, Ill 

Ward Leonard Electric Co., 34 South. 
Mount Vernon, N. Y. 


RHEOSTATS, POWER CIRCUIT 


Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4, Wis 

Clarostat Mfg. Co., Inc., Dover, N. H 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Miwaukee 1, Wis 

General Electric Co. ; 
Schenectady 5, N 

Hardwick, Hindle, 
Newark 5, N. J. 

National Electric Controller Co., 
Glenwood Ave., Chicago 26, Il 

Ohmite Mfg. Co., 3613 Howard, 
Ill 

Rex Rheostat Co., Baldwin, L. I., N. Y¥ 

Tru-Ohm Products, Div. of Model Engi 
neering & Mfg., Inc., Chicago 18, Il! 

Ward Leonard Electric Co., 34 South 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Apparatus Sales Div., 
Y 


Inc., 40 Hermon, 


7070 


Skokie, 


RINGS, COLLECTOR 

Baker & { In 113 Astor, 
N. J Precious Metal) 

Electro Tec Corp., South Hackensack, N.J 

General Plate Div Metals & Controls 
‘ ; Forest, Attleboro, Mass 
(P recious Meta 

Midwest Molding & Mfg. Co., 
Tih 

Ney Co., J. M., 
Conn 

Nippert Electric 
Mound, Columbus 23 

Toledo Commutator Co., 
Owosso, Mict 

Wilson Co., H. A 


Newark 


Gurnee 96 


P.O. Box 990, Hartford 1 


Products Co., 1759 W 
Ohio 
South Chestnut 


Route 22, Union, N. J 


RINGS, RETAINER and SNAP 


Bristol, Conn 
George K. Torresdale 
Ave. at Tolbut, Philadelphia 36, Pa. 
National Lock Washer Co., 40 Hermon, 

Newark 5, N. J 

Radio Frequency Laboratories, Inc., 
ton, N. J. 

United States Gasket Co., Plastics Div. of 
The Garlock Packing Co., Camden 1 
N. J 

Waldes Kohinoor, Inc., 47-16 
Long Island City ae 


Associated Spring Corp. 
Garrett Co., Inc 


Boon 


Austel P! 


RIVETS. See 


Fasteners 
RIVET SETTING MACHINES 
Chicago Rivet & Machine Co., 


Jackson Blvd., Bellwood, Ill 
Milford Rivet & Machine Co., 


Conn. 
Thomson Mfg. Co., Judson L., 


Waltham 54, Mass 


9609 W 
Milford, 
Dept. D 


ROLLER BEARINGS. See Bearings, 
and Roller 


Ball 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products, Div. Western 
Felt Wi , 4021-4139 W. Ogden Ave., 
Chicago 23, Ill 

Auburn Manufacturing Co., 
Middletown, Conn 

Chicago Rawhide Manufacturing Co., 
Elston Ave., Chicago 22, Ill 

Connecticut Hard Rubber Co., 
Haven 9, Conn 

Dow rir Corp., 

Enjay C Inc., 


General Electric Co., 
Decatur, Il. 

Goshen Rubber Co., Inc., P. 0 
Goshen, Ind 


306-I Staek, 
1279 
“The, New 


Midland, 
15 West 5lst, 


Mich 
New York 


Plastics Dept 


Box 517, 


Johns-Manville, Dutch Brand Products, 
Chicago 19, Ill. 


7800 Woodlawn Ave., 

Parker Appliance Co., 17325 Euclid Ave., 
Cleveland 12, Ohio 

Phoenix Manufacturing Co., 
ucts Div Jeliet, Ill 

Raybestos-Manhattar Inc., 
ucts Div Manheim, Pa 

Roth Rubber Co. 1860 8S. 
Chicago 50, Ill 

Williams-Bowmar 
54th Ave 


Rubber Prod- 
Plastic Prod- 
54th Ave 


Rubber Cc 
Cicero 50, Ill 


1953 ‘8. 


SAWS, COMMUTATOR. 


Saws and Slotters 


See Commutator 


Rings. Retainer 


Sr 


SCRAPER RINGS. See 


at 


SCREW DRIVERS, 
T Portable 


PORTABLE. See 
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Faced with Transformer Problems...? 
(| Space Limitations? ( Unorthodox Circuitry? © Atmospheric Conditions? 


... Custom transformers, up to 200 KVA, designed and manufactured by LIGHT ELECTRIC 
to meet your most exacting specifications, may be the solution. The unusually high 
quality, inherent in custom design, reduces down-time and costly re-installations. 

AND ...all LIGHT custom-made transformers contain materials especially 

selected to exceed your specification requirements, giving you an 

even greater margin of safety and long life. 


Call LIGHT ELECTRIC today for engineering consultation. 
Be sure to request your free copy of LIGHT’S new brochure. 


IN TRANSFORMERS ...CUSTOM DESIGN MEANS LONG-RANGE ECONOMY 


LIGHT ELECTRIC 
CORPORATION 


214 Lackawanna Ave., 
Newark 3, New Jersey 


Tel. HUmboldt 5-4110 


e TRANSFORMERS » SATURABLE. REACTORS + FILTER REACTORS « AMPLISTATS + RELATED EQUIPMENT 


Circle 331 on page 17 


A “where-to-find’ answers to 1001 problems 
in product development and research .. . 


UCKY the engineer who has a file of back issues of ELECTRICAL MANUFAC- 

4 TURING to facilitate research on materials, components, circuits and sys- 
tems. But luckier still the engineer who possesses the “key” to that file—the 
Cumulative 5-Year Annotated Editorial Index. It lists by functional subject 
classification all feature articles published in ELECTRICAL MANUFACTURING 
during the period 1950-1955. This 60-page file-size book includes an outline 
of the editors’ functional system of subject classification—useful in setting up 
your own data files—an alphabetical subject cross index, also a comprehensive 
author index. Copies may be ordered at $2.00 each from The Gage Publishing 
Company, 1250 Sixth Ave., New York 20, N. Y. (When requested, order will 
include a gratis copy of the separately bound 1956 Index.) 


Electrical Manufacturing 
5-Year Cumulative Annotated Editorial Index 
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STAYS flexible 
under temperature extremes 


This group of hermetically sealed aircraft relays must function through a 





temperature range of —70°F, to +450°F, under prolonged frequency vibration 
They are insulated with BH "1151" Glass Fiber Silicone Elastomeric 
Sleeving to stay flexible from —90°F to +-600°F. Not affected by heat ageing. 





emperature extremes, vibration, shock, rough assembly handling, 


soldering temperatures all are factors that can cause rapid failure of 
ordinary insulation sleeving . . . but not BH Flexible Sleevings. 


Their flex-life has been production tested and proved. 


Pioneers in flexible electrical insulation tubings and sleevings, BH has a 
product for practically any application. Send us a few facts 
on temperatures to be encountered, unusual conditions 
to be met, we'll gladly send you samples for testing. 


BENTLEY, HARRIS MANUFACTURING Co. 
1201 Barclay Street 
CONSHOHOCKEN 2. PA. TELEPHONE: TAYLOR 8-0634 


BENTLEY, HARRIS 2 
LI 





a 


BH Non aying glass fiber sleevings are nade_ exclusive Bentley 
Harr ocess (U.S. Pat. N 39353 296 and 2647299) 
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SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics 


Aluminum Co. of America, 2241-M Al 
coa Bldg., Pittsburgh 19, Pa. 

Chase Brass & Copper Co., Sub of Ken- 
necott Copper Corp., Waterbury 20, 
Conn 

Merkle-Korf? Gear Co., 211 N. Morgan, 
Chicago 7, Ml 

Milford Rivet & Machine Co., 


Milford, 
Conr 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cement, 
Insulating and Sealing; Waxes and Com- 
pounds 


SEALS and TERMINALS, HERMETIC 


Advanced Vacuum Products, Inc., Div. of 
General Ceramics Corp., 118 Liberty, 
Stamford, Conn. 

American Lava Corp., Chattanooga 5, Tenn 

Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 54, Ill 

Content & Co., L. L., Route 46, Ledi, 
Electrical Industries, Div. of 
Electronics Inc., 691 
Murray Hill, N. J 

General Ceramics Corp., Dept. ME, Keas- 
bey, N. J 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Glass Bushings) 

eeseen Co., Ine., 1010 Main, Elkhart, 
r 

International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa « 

Kearfott Co Inc., 1378 
Clifton, N. J 

Phillips Control Corp 
Joliet, Ml 


Phillips 
Central Ave., 


Main Ave., 
59 W. Washington, 


SEALS, MECHANICAL. (Rotary Shaft) 


Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill 


SEALS, OIL and GREASE 


Chicago Rawhide Manufacturing Co., 1279 
Elston Ave Chicago 22, Ill 

Gits Bros Mfg. ¢ 1840 8 
Ave., Chicago 23, Ill 

Syntron Co., Homer City, Pa 

United States Gasket C¢ Plastics Div 
of The Garlock , Packing Co., Camden 
LN. J 


Kilbourn 


SELENIUM RECTIFIER. See Rectifiers 


Semicondu 


SEMICONDUCTOR PRODUCTS. See Rec- 


tifiers, Semiconductor; Transistors and 
Crystal Diodes. 


SERVOMECHANISMS 
chros, ete.) Also see Motors. 
Daystrom Transicoil Corp., 
Montgomery County, Pa 
Diehl Manufacturing Co., Electrical Div. of 
The Singer Manufacturing Co., Somer- 
ville, N. J 
Eclipse-Pioneer Div 
Corp., Teterboro, N A 
Helipot Corp., Div. of Beckman Instru- 
ments Inc., P. O. Box 458, Newport 
ach, Calif 
Kearfott Co., In 
ton, N. J 
Oster Manufacturing Co., John, Avionic 
Div., Racine, Wis. 
Servor Inc., Mechatrol Div., 
Ave., Westbury, L. I 


(Contrels, Syn- 


Worcester 


Bendix Aviation 
J 


1378 Main Ave., Clif- 


Div. of Electro-Devices 
4 Godwin Ave., Paterson 1, N. J. 


SHAFTS, FLEXIBLE 


Gasket Fo., 


Garlock 


United States 
ff The 
l N. J 


Plastics Div 
Paeking Ce Camden 


SHEAVES 


See Drives, Belt 


SHEET METAL FABRICATORS 

Cox Co., H. F., 601 Ottawa Ave., N. W 
Grand Rapids 2, Mich. 

Croname, Inc., 1769 Grace, Chicago 13, 
Ul 

Hoffman Engineering Corp., Dept. EM-72 
Anoka, Minn. (Terminal and Pull Boxes) 

Kirk & Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio 


SHEETS, ELECTRICAL. See Steel, Elec- 


trical 


SHIELDING, ELECTRONIC 


Metal Textile Corp., Roselle, N. J. (Knit- 
ted Metallic Strips, Gaskets, etc.) 


SHIELDS, 
International Electroni 
145 W. Magnolia 
Magnetic Metals Cé 
Camder N. J 
Magnetics, Ine Box 391, 


ELECTRON TUBE 
Research Corp., 
Burbank, Calif 
Hayes Ave at 21st 


Butler, Pa 


SHIPPING SERVICES 


United Air Lines, Cargo Sales Div., 
Wabash Ave., Chicago 3, II. 


SIGNAL DEVICES 

Crouse-Hinds Co., 

Pyle-National Co 
Chicago 51, Ill 

Wheelock Signals Inc 273 Branchport 
Ave., Long Branch, N. J 


Syracuse 1, N. Y¥ 
1388 N. Kostner Ave., 


SIGNAL LIGHT ASSEMBLIES. See 
Lights, Pilot and Indicator 


SILICON DIODES. See Transistors and 
Crystal Diodes. 
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SILICONES 


Auburn Manufacturing Co., 306-I Stack 
Middletown, Conn. 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del. 

Dow Corning Corp., Midland, Mich 
Formica Corp., Sub. of American Cy 
anamid, 4521-7 Spring Grove Ave., Cin- 
cinnati 32, Ohio 

General Electric Co., Silicone Products 
Dept., Waterford, N. Y - 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del ; 

Natvar Corp., 207 Randolph Ave., Wood 
bridge, N. J. 

Taylor Fibre Co., Norristown, Pa 

Union Carbide Corp., Silicones Div., 420 
Lexington Ave., New York 17, N. Y¥ 


SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points. For Solder 
see Brazing Alloys, Silver. 

American Platinum Works, 231 New Jersey 
Railroad Ave Newark 5, N. J 

Baker & Co., Inc., 113 Astor, Newark 5 
N. J. 

Brainin Co., C. 8., 
Vernon, N. Y 
Deringer Metallurgical Corp., 8129 Monti 
cello Ave., Skokie, Ill . 
Fansteel Metallurgical Corp., North Chi- 

cago, Til 

General Plate Div., Metals and Controls 
Corp 1912 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, New York 
38. N. Y 

Mallory & Co., Inc., P. B., 
6, Ind 

Ney Co., J. M., P. O. Box 990, Hartford 
1, Conn 

Wilson Co., H. A., 


318 Washington, Mt 


Indianapolis 


Route 22, Union, N. J 


SLEEVE BEARINGS. 
Bushings. 


See Bearings and 


SLEEVING, SATURATED. See Tubing 
and Sleeving, Braided Fabric. 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Til 

Johns-Manville, Box 14, New York 16 
x = 

Raybestos 
ucts Div., 


Manhattan, Inc., Plastic Prod 
Manheim, Pa 


SLIDE ASSEMBLIES 


Radio Frequency Laboratories, Inc., Boon 
ton, N. 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N. J 


SLIP RINGS. See Rings, Collector 


SLOT INSULATION. See Fabrics, Insulat- 
ing; Mica; Paper. Insulating; Tubing 
and Sleeving, Braided Fabric. 


SLOTTERS, MICA. See Commutator Saws 
and Slotters 


SOCKET SCREW KEYS and 
WRENCHES 


Allen ,Manufacturing Co., 133 
Hartford 5, Conn. 

Standard Pressed Steel Co., Jenkintown 9 
Pa 


Sheldon, 


> 
a 


3 
SOCKETS and ADAPTERS, RADIO. See 


Plugs and Receptacles 


SOCKETS and RECEPTACLES, LAMP 


leor Manufacturing Co., 4444 Ww 
Roosevelt Rd., Chicago 24, Ill 

Arrow-Hart & Hegeman, Electric Co., 103 
Hawthorne. Hartford 6. Conn 

Automati fLilectric Sales Corp., 
lake, Ill 

Circle F Mfg. Co., Trenton 4, N._J. 

Dialight Corp., 44 Stewart Ave., Brook- 
lyn 87, N. ¥ 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill 

General Electric »., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Pass & Seymour, Inc., Solvay Station, Sy- 
racuse 9, N. Y 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1 
N. J 


North- 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp Auxiliaries. 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 54, Ill 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J 

United States Gasket Co., Plastics Div 
of The Garlock Packing Co., Camden 1 
N. J. 


SOCKET SCREWS. See Fasteners 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, Salts, etc.) 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 
Essex Wire Corp., Wire and Cable Div., 
Fort Wayne, Ind 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Handy & Harman, 82 Fulton, New, York 
38, N. Y. - 

Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, Ill. 

London Chemical Co., Ine., 


153%-@North 
3ist Ave., Melrose Park, Ill . 


‘Just stand here, Daisy Mae, and 
the shower goes on by itself.’’ 


Automation Problem? 


ELECTRIC EYES TO MEET EVERY NEED 


We create photorelay devices to handle any requirement. Our 
latest designs are made without tubes or amplifiers, are main- 
tenance-free and priced low. They particularly resist dirt, 
shock, vibration, moisture and temperature variations. 


Let us apply our 27-year background to 
requirement. Catalog information on the new 
RPF PHCOTORELAYS on 


dations on your need. 


your particular 
PHOTOBELL 


request or ask for our recommen- 


Factory representatives wanted in many areas. 
PHOTOBELL Company 
Dept. EM-12, 43 Vesey Streef, N.Y. 7, N.Y. 
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HEYCO NYLON STRAIN RELIEF BUSHINGS 


RUS gt] 3 
a a 


1—SLIP OVER WIRE 
2—SNAP INTO HOLE 


With Heycos it’s no longer necessary to tie wire 
knots or use insulating grommets. Product life 
is increased and product appearance is greatly 
enhanced. 


HEYMAN MANUFACTURING COMPANY 
Kenilworth 1 New Jersey 


free 
samples and specifications. 


Send wire sizes for 
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HIGH TEMPERATURE Wes 


@ COMPLEX SHAPES 
@ METAL INSERTS 


@ SUPERIOR ARC 
RESISTANCE 


@ NON-TRACKING 


@ DIMENSIONALLY 
STABLE 


@NO COLD FLOW 
@ ACCURATE 

@ MACHINABLE 

@ COLORS AVAILABLE 


@ OL RESISTANT 





ROSTONE CORPORATION 


HE plate rheostat moldings shown above 

are typical examples of the suitability of 
ROSITE moldings for high temperature uses. 
Complex in shape, with metal inserts (terminal 
straps), these parts are cold molded by Rostone 
in three different sizes to close dimensional 
tolerances. In service, wire resistor elements 
lay directly against the surface of these 
moldings. 


ROSITE is a low cost “stone-like” material 
that has proved its worth for Rheostat Parts, 
Overload Relay Bases, Range and Heater 
Terminals, Resistor Cores, Grid Spacers, Weld- 
ing Electrode Holders, and many other parts. 
ROSITE moldings are produced in a wide 
variety of sizes and shapes. 


Rostone Corporation offers a complete service: 
(1) ROSITE moldings using compounds * 
formulated to meet user’s requirements; (2) 
Die design engineering; (3) Custom molding of 
parts to meet production schedules. Inquiries 
are invited. 


*Inorganic and organic 


Ask for Bulletin 100. 


A Product of 


Engineers and Custom Molders 


2405 S. Concord Road e 


360 
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Lafayette, Indiana 


National Lead Co., 111 Broadway, New 
York 6, N. Y. 


SOLDERING EQUIPMENT 
(Irons, Machines, etc.) 


General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y¥ 

Ideal Industries, Inc., 
Sycamore, Ill 

Vulcan Electric Co., Danvers 2, Mass. 


1008 Park Ave., 


SOLDERLESS CONNECTORS. See Con- 
nectors, Wire and Cable. 


SOLDER PRE-FORMS, See also Brazing 
Alloys, Silver 

Handy & Harman, 82 Fulton, New York 
38, N. Y 

Kester Solder Co., 


4209 Wrightwood Ave., 
Chicago 39, Ill 


SOLDER, SELF-FLUXING 
For Silver Solders, see Brazing Alloys. 
Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, Ill. 
London Chemical Co., 1537 N. 31st Ave., 
Melrose Park, Tl 
National Lead Co., 111 


Broadway, New 
York 6, N. Y. 


SOLENOIDS 


Allen-Bradley Co., 
waukee 4, Wis. 
Anderson Controls, Inc., 2777 Mannheim 
Rd., Des Plaines, Il] 
Automatic Electric Sales 

lake, Ill 
Automatic Switch Co., 
Florham Park, N. J 
Cannon Electric Co., Dept. 500, 3209 Hum- 
boldt, Los Angeles 31, Calif. 


1316 S. Second, Mil- 


Corp., North- 
50-M Hanover Rd., 


Comar Electric Co., 3349 Addison 
Chicago 18, IIL. 
Controls Co. of America, 9551 Soreng 


Ave., Schiller Park, Ill 
Cutler-Hammer, Inc., 
Milwaukee 1, Wis 
Detroit Coil Co., 2435 Hilton Rd., Detroit 
20, Mich 
Dormeyer Industries 
Chicago 41, Ill 
General Electric Co 
Schenectady 5, N 
Guardian E ric 1627-P W. 
Chicago 
Leland, Inc., G. H 
2, Ohio 
McQuay-Norris Manufacturing Co., 2822 
Marconi, St. Louis 10, Mo. 
Oak Mfg. Co., 1258 Clybourn Ave., Chi- 
cago 10, Ill 
Phillips Control Corp., 59 W. Washington, 
Joliet, Tl. 
R-B-M ‘Control’ Div., Essex Wire Corp., 
Logansport, Ind. ° 
Relay Sales, Box 186-B, West Chicago, Il 
Trombetta Solenoid Corp., 329 N. Mil- 
waukee, Milwaukee 2, Wis 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa, 


1264 St. Paul Ave., 


3424 Milwaukee Ave 


Apparatus Sales Div 
Y 





Walnut 





123 Webster, Dayton 


SOUND and VIBRATION METERS 


Hickok Electrical Instrument Co 


10514 
Dupont Ave., Cleveland 8, Ohio 


SPEED INDICATORS. See Tachometers 


SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors. 


Allis-Chalmers, Milwaukee 1, Wis. 

Bowmar Instrument Corp., 2415 Pennsy) 
vania Ave., Ft. Wayne, Ind. 

Century Electric Co., 1806 Pine, St. Louie 
3, Mo 

Eaton Mfg. Co., 
Fourteenth Ave., 

General Electric Co., 


Dynamatic Div., 3307 
Kenosha, Wis 
unenaes Sales Div 


Schenectady 5, N 
Janette Electric Mfg. Co., Morton Grove 
IL. 


Reeves Pulley Co., Columbus, Ind 


SPRINGS, COIL and FLAT 


Accurate Spring Mfg. Co., 3817 W. Lake 
Chicago 24, Ill 

American Steel & Wire Div., U. 8S. Stee! 
Corp., Rockefeller Bldg., Cleveland 13 
Ohio 

Associated Spring Corp., Bristol, Conn 

Barnes Co., Wallace, Div Associated 
Spring Corp., Bristol, Conn. 

Barnes-Gibson-Raymond, Div. Associate: 
Spring Corp., 40300 Plymouth Rd 
Plymouth. Mich. 

Chatillon & Sons, John, 85 Cliff, New 
York 38, N, Y¥. 

Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 51, Ill 

Dunbar Bros, Co., Div. Assoeiated Spring 
Corp Bristol, Conn. 

Garrett Co., Inc., George K., Torresdal 
Ave. at Tolbut, Philadelphia 36, Pa 

Gibson Co., William D., Div. Associatec 
Spring Corp., 1800 Clybourn Ave., Chi 
cago 14, Ill 

Gibson Electric Co., Old Wm Penr 
Highway, Delmont, Pa 

Hunter Spring Co., 22 Spring Ave., Lans 
dale, Pa. 

Instrument Specialties Co., Inc., 244 Ber 
gen Blivd., Little Falls, N. J. (Beryl 
lium, Copper) 

Lewis Spring & Mfg. Co., 2646 W. North 
Ave., Chicago 47, Il. 

Ohio Div., Associated Spring Corp., 1712 
E. 1st, Dayton, Ohie 

Raymond Mfg. Co., Div. Associated Spring 
Corp., Corry, Pa. 


STAINLESS STEEL. See Steel, Commer 
cial Forms and Grades. 


STAMPINGS, METAL 

Accurate Spring Mfg. Co., 3817 W. Lake 
Chicago 24, Ti 

Aluminum Goods Manufacturing Co., Man- 
itowoc, Wis. 

Auburn Manufacturing Co., 
Middletown, Conn. 


306-I Stack 


Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Conn. 
Barnes-Gibson-Raymond Div. Asseciated 


Spring Corp., 40300 Plymouth Rd. 
Plymouth, Mich. 

Chase Brass & Copper Co., Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 

Deringer Metallurgical Corp., 8119 Monti- 
cello Ave., Skokie, Ill 

Dudek & Bock Spring Mfg. Co., 4016 W 
Grand Ave., Chicago 51, Il. 

Dunbar Bros. Co., Div. Associated Spring 
Corp., Bristol, Conn 

Erie Resistor Corp., Electronics Div., Erie 


Pa. 

Federal Tool & Manufacturing Co., 3609 
Alabama Ave., Minneapolis 16, Minn. 

Fryling Mfg. Co., Erie, Pa. 

Garrett Co., Inc., George K., Torres- 
dale Ave, at Tolbut, Philadelphia 36, 
Pa 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
cago 4, Ill 

Heyman Mfg. Co., Kenilworth 1, N. J 

Iisco Corp., Dept. F-10, 4730 Madison 
Rd., Cincinnati 27, Ohio. 

Kirk and Blum Manufacturnig Co., 3122 
Forrer, Cincinnati 9, Ohio 

Lewis Spring & Mfg. Co., 2646 W 
Ave., Chicago 47, Il 

Malco Tool and Manufacturing Co., 402) 
W. Lake, Chicago 24, Ill 

Merkle-Korff Gear Co., 211 N 
Chicago 7, Ill. 

Mohawk Mfg. 
(Threaded) 

Ohio Div., Associated Spring Corp., 1712 
East First, Dayton, Ohio 

Raymond Mfg. Co., Div. Associated Spring 
Corp., Corry, Pa. 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ml. 

Sylvania Electric Preducts, Inc., 1740 
Broadway, New York 19. N. ¥ 

United-Carr Fastener Corp., Cambridge 
42, Mass. 

Wenco Mfg. Co., 1136 West Hubbard, Chi- 
cago 22, Ill. 

Winzeler Manufacturing and Tool Co., 1712 
W. Arcade Pl. Chicago 12, Ml. 


Nortb 


Morgan, 


Co., Middletown, Conn 


STAMPINGS, NON-METALLIC 


Auburn Manufacturing Co., 306-I Stack 
Middletown, Conn. 

Continental-Diamond Fibre, A Sub of The 
Budd Co., Inc., Newark 13, Del 

Ford Radio & Mica Corp., 536-540 63rd. 
Brooklyn, N. Y. 

Fryling Mfg. Co., Erie, Pa 

Richardson Co., 2799 Lake, Melrose Park 
Il 

Stahlin Brothers Fibre Works, In Dept 
E. Belding, Mich 


STARTERS, FLUORESCENT. See Fluo 
rescent Lamp Auxiliaries. 


STARTERS, MOTOR. See Controllers, 
Motor; Push Button Stations 


STEATITE. See Ceramics 


STEEL (Commercial Forms and Grades) 


Alloy / 
Bars (B 
Carbon (Cc) 
Coated (D) 
Enameling (E) 
Stainless (N) 
Cold Rolled Only 0) 
Sheets and Strips s 
Tubing (T) 
(See also Steel, Electrical) 


Acme-Newport Steel Corp., Newport, Ky. 


(ADES) c 
Allegheny Ludlum Steel Corp., Oliver 

Bidg., Pittsburgh 22, Pa. (NS) 
American Steel & Wire Div., U. S. Steel 


Corp., Rockefeller Bldg., Cleveland 13, 
Ohio (NS) 


Barnes Co Wallace, Div Associated 
Spring Corp., Bristol, Conn S-CO) 
(Spring 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
Conn. (N) 

Columbia-Geneva Steel Div U. 8S. Steel 
Corp., San Francisco, Calif. 

Crucible Steel Co. of America, Chamber 


of Commerce Bldg., 
(ABCNS) 

Driver Co Wilbur B 1875 McCarter 
Highway, Newark, N. J. (Stainless Stee! 
Wire) 

National Tube Div., U. S. Steel Corp., 
Pittsburgh, Pa 

Revere Copper and Brass, Inc., 230 Park 
Ave., New York 17, N. Y. (T) 


Pittsburgh 19, Pa 


Ryerson & Sons, Inc Joseph T., Chicago 
80, Ill. (ABCDENST) 

Sharon Steel Corp., Sharon, Pa. (ABCD 
ENST) 

Superior Steel Corp., Carnegie Pa 


ADNS) (Spring) 
Tennessee Coal & Iron Div., U. 8S. Steel 
Corp., Fairfield, Ala 
U. S. Steel Corp., 525 William Penn P1., 
Pittsburgh 30, Pa. (S-ACDN) (T-ACN) 


STEEL, ELECTRICAL (Silicon) 
(Sheets and Strips) 

Acme-Newport Steel Cerp., Newport, Ky 

Allegheny Ludlum Steel Corp., Oliver 
Bldg., Pittsburgh 22, Pa. 

Sharon Steel Corp., Sharon, Pa 
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ASU mechanically held relays are power driven 
in both directions with no dependency on springs or latches 
for operating or mechanically holding contacts 


Special ASCO Relay with 6 
D-C Poles for 600 volts, 3 A-C 
Poles for 230 volts and 125 


The Unique ASCO Mechanically 
Held Movement 

When the solenoid is ener- 
gized, eccentric cam (E) is ro- 
tated. Weight drive pin (W) 
causes movement of operating 
lever (O). Lever (O) (connect- 
ed to the contact finger block) 
rotates on pivot pin (P) and 
contacts such as (C) are 
opened or closed. 

Note that with the solenoid 
de-energized, the entire mech- 
anism is firmly locked in place 
by the angular position of the 
linkages—no springs, latches, 
or semi-permanent magnets are 
required! 


ASCO Mechanically Held Relays 


A-C and D-C...to 25 Amperes 
Combinations to 24 Poles 


Miter 


ASCO Power Driven Relays with No Springs or Latches: 


* Provide higher contact pressures 
* Minimize the possibility of contact welding 
* Insure positive operation 


Design simplicity is provided in ASCO Mechanically Held 
Relays through use of a single solenoid coil mechanism. 
The coil is momentarily energized during the instant of 
operation only. This momentary surge of power electrically 
operates the relay to open and close contacts; thus the relay 
is power driven in both directions, with no dependency on 
springs or gravity for operating and mechanically holding 
the contacts. 


FEATURES 

* No A-C hum or chatter * Operate in any position * Compact con- 
struction permits mounting on metal surfaces or panelboards + 
Operated by single-coil mechanism—positive in each direction 
Silver contacts rigidly locked open or closed by angular relation 
of linkages—no delicate hooks or latches * Signal lamps require 
no extra contacts or control wires * Enclosed rating same as open 
rating due to liberal design and momentary mechanism without 
coil losses * All parts finished in cadmium plate or black to present 
good appearance and to match larger ASCO Switches. 


APPLICATION 
ASCO Mechanically Held Relays are used for automatic or 
remote control where A-C hum or chatter is objectionable, 
where coil loss is undesirable or where relays :nust not 
change position when the control circuit fails (low voltage 
release). ASCO Mechanically Held Relays are often used 


volts D-C control. Note Blow- 


outs on D-C Poles. 


Control panel using ASCO 
Mechanically Held A-C Relays 
(Bulletin 1256-168). Notice 
multiple pole and double 
throw arrangements. 


Mechanically Held Relays are only part of the complete line 
of Relays made by ASCO. Our Catalog 57-S4 lists: 


MAGNETICALLY HELD RELAYS 
A-C or D-C...Normally Open... Normally Closed... Double Throw 


ASCO Magnetically Held Relays use a physical arrangement 
which parallels that of ASCO Rocker Type Mechanically 
Held Relays. Since the two types are similar in appearance, 
they help to increase the attractiveness of control panels, at 
the same time offering interchangeability of contacts. 


Write for your copy of “Relays by ASCO’’— Catalog 57-S4. 


Automatic Switch Co. 


DECEMBER 1957 


50-M Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 
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for master control of other control equipment, to prevent 
loss of voltage or control failure. These relays are frequently 
used for electric heaters, lighting, and similar applications. 


SPECIALIZED RELAYS 


. Reverse Current 

. Time Delay 

. Brake Winding Time Delay 
. Close Differential 


(Voltage and Current Types) 


. Current Type, Welding 
. Electronic 
. Modified Arrangements 


ASUGO. 





Oil-tight 
J.1.C. Sectional 
WIREWAY 


Go 


Ideal for 
machine control wiring 


If you need to protect electrical wiring against liquids and dirt, 
this new oil-tight sectional Wireway is just what you are looking 
for. Neoprene gasket on hinged cover and between sections as- 
sures a tight seal. No holes or knockouts. 


This Wireway simplifies your entire installation problem. It is 
easy to bolt together and take apart. Hinged cover opens full 


length making it easy to install wires and easy to change or modify 
wiring scheme after installation 


x 4", and 6 
Crosses 


STOCK SIZES: 2'2"' x 22", 4 x 6" in lengths of 1’, 2’, 3’, 4’, 


5° and 10 T's Closure Plates Bushings 
3 Sections which permit adjusting Wireway runs to any de- 
red lenath 


with Elbows 


Reducing 
Made of 14 gauge sheet steel, finished in baked 
hammertone ename 


Special sizes and lengths on request 
ENGINEERING 


~ onfman CORPORATION 


ANOKA, MINNESOTA 


Circle 372 on page 17 


, FHP motors... engineered 


a 


especially 
for your 
product 


RAE 


motors 


The new RAE M-20 or M-100 Motor. Ven 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged casting 
Ball or sleeve bearings. Can be used with 
ony of RAE's gear units 
Winding — 
M-20 — Universal or Shunt 
M-100—Permanent Magnet (DC Shunt) 
Voltage — 6 to 220 AC/DC or DC Shunt 
Max. H. P. — 1/30 Continuous 
Weight — Approx. 2 Ibs 


RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 
and testing of your product, they can save you time 
and money in selecting the right motor 

RAE offers outstanding service and quality in a 
large variety of motors. Available in voltages up to 
250, and up to 1/6 H.P. (higher for intermittent 
duty) with many gearhead motor combinations 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
leading manufacturers 

*Send for the ‘‘RAE"’ Engineering Data Sheet. It will help you 
supply the data necessary for recommendations and prices. 


R ca MN) eo 


2009 Kewaunee Street 
Racine, Wisconsin 


AC/DC Universal * DC Shunt Wound * 
DC Series Wound * Gear Reduction 
Motors * Governor Controlled Motors * 
Motors for Rheostat Control * Mote “~~ 
Electronic Control * Permanent M et 
Motors and Gearmotors. 
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U. 8S. Steel Corp., 525 William Penn PIl., 
Pittsburgh 30, Pa. 


STRAIN 


Clamps, 


RELIEFS. 


Strain Relief 


See Grips and 


STRIPPERS, WIRE 

Artos Engineering Co., 2737 S 
waukee Wis 

Eraser Co Inc., 
cuse 4, N. Y 

Holub Industries, 
more, Ill 

Idea! Industries, 
Sycamore, Ill 

London Chemical Co., Inc., 1537 N 
Ave., Melrose Park, Ill. (Solvent) 

Mona Industries, Inc Paterson 17, N. J 
Solvent) 

Wenco Mfg. Co., 
Chicago 22, Ill 

Wire Stripper Co 1729 Eastham Ave 
E. Cleveland, Ohio 


28th, Mil- 


1068 8S. Clinton, Syra- 


445 Elm, 


1008 Park Ave., 


Inc., Syca- 


Inc., 


3ist 


1136 West Hubbard 


STRIPS. BLOCKS and BOARDS, 
TERMINAL 
AMP Incorporated, 
Harrisburg, Pa 
Alcor Manufacturing Co., 4444 W. 
velt Road, Chicago 24, III. 
American Lava Corp., Chattanooga 5 
Audio Development Co. 2836 13th 
South Minneapolis 7, Minn 
Buchanan Electrical Products 
Rte, 22, Hillside, N. J 
Burndy Corp., Omaton 
Conn. 
Cambridge Thermionic Corp., 
Ave. Cambridge 38, Mass. 
Cutler-Hammer, Inc., 1264 St 
Milwaukee 1, Wis. 
Dimeo-Gray Co., 210 E. 
Ohio 
Federal Telephone and Radio Co 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 
Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 
Iisco Corp., Dept F-10 
Rd., Cincinnati 23, Ohio. 
Jones Div., Howard B., Cinch Mfg 
Chicago 24, Ill 
Molex Products Co., 
Mycalex Corp. of 
Clifton, N. J. 
Kex Rheostat Co., Baldwin, L. I., N. Y 
Stromberg-Carlson, A Div, of General Dy 
namics Corp., 117 Carlson Rd., Rochester 
a 
as Rett 2.» 
izabeth 
State susket Co., 
» Garlock Packing 


5284 Eisenhower Blvd 
Roose 


Tenn 
Ave., 
Corp., 225 
Div., Norwalk 
453 Concord 
Paul Ave 
6th, Dayton 2 


Div. of 


4730 Madison 


Corp 


Brookfield, Ill 


America, Clifton Blvd 


Inc., 28 Butler 


Div 


jen 1 


Plastics 
Co., Cam 


STROBOSCOPES 
Hickok Electri Ir 
pont Ave., C 


0514 


Co., 
Ohio 


strument 
leveland 8, 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level (A 
Limit (Snap-Action) (B 
Magnet ic 
5 (D) 

(E) 
(F) 
(GQ) 
(H) 
(J) 
(KR) 
(L) 

Series Multiple) (M) 
Key and Lever (N) 
(Oo 


Fixture 


Heater 
Jack 

l’anel 

Toggle, Slide 

(P 
(R 
(8) 
(T) 
(vl) 
(Vv) 
(Ww) 
(X) 
(Y) 


Push 
Motor 


Snap) 


Control 


Breakers 


trollers 


Button 
Relays; 


AEMCO, Ir 50 
(GR) 


State, Mankato, Minn 
& Westlake 
Manufacturing 

elt Road. Chi 
Allen-Bradley Co., 
waukee 4, Wis 
Allied Control Co., 
New York 2 


Co., Elkhart, Ind 

Co., 4444 W. Roose 
ago 24, Ill. (KPWY) 
1316 S. Second, Mil 
(ACEFIPR) 

Inc., 2 East End Ave 
N. Y. (CDGHR) 
Allis-Chalmers, Milwaukee 1, Wis. (RS) 
Anderson Controls, In 2777 Mannheim 
R Des Plaines, Ill 
Arrow-Hart & Hegeman 
llawthorne, Hartfc 
MPRT 

Automatic Electric Sales Corp 
I BCDGHLNRSTVW) 
Automat Switch Co., 50-M Hanover 
Florham Park, N. J. (CHR) 

‘ alab, Div f Globe-Union Inc., 
E Keefe Ave Milwaukee 1 
NSW 
ircle F 
KPWY 
are & c 
Chicago 4 Til 
ark C 


Co., 103 
(ACDHK 


Electric 
rd 6, Conn 


, Northlake 


Rd 
r 914 
Wis 
Mfg. Co., Trenton 4, N. J 
P., 3101 
(Sw 
1146 E 


Pratt Blvd 


ntroller Co 
10, Ohio (C 
ctri Co., 3349 
8, Til. (N) 
of America, 
Schiller Park, Il 
Controls Corp., 
Conn. (G) 
ise- Hinds , Syracuse 1, N Zz 
(DPSV 
i Wright Corp 
utler-Hammer, Inc 


Milwaukee 1, Wis. 


52nd, Cleve 


Addison 


Soreng 
»S) 
Box 8, Center- 


Co 


Carlstadt, N. J 
1264 St 
(EGLPW) 


(F) 
Paul Ave 


Dales Co Franklin, 180-184 E, 
Akron, Ohio 
Daven Co., 536 W. Mt 
Route 10, Livingston, N. J. (8S) 
Detroit Controls Corp., Div, of American- 
Standard, 5900 Trumbull Ave., Detroit 
8, Mich 
Dimco-Gray Co., 
Ohio (G) 
Durakool, Inc., 
Eagle Signal Corp., 
(G) 
Edison 


Mili 


Pleasant Ave 


210 E. 6th, 


Elkhart, Ind. (D) 
202 20th, Moline, 


Dayton 2 


Il 


Industries. Thomas A., Instrument 
Div., MceGraw-Edison Co., West Orange 
N. J. (FG) 

Bitel-McCullougt 
(J) 

Electro-Snap Switch and Mfg. Co., 4238 
W. Lake, Chicago 24, Il. (BNOPSVWY) 

Electro Switch Corp., Weymouth 88, Mass 
(SW) 

Fasco Industries, 
(EJO 


Inc., San Bruno, Calif 


Inc., Rochester 2, N. Y 
Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 
(NS) 
Fenwal, {nc., 
(F) 
Furnas Electric Co., 
Ill. (ABCEFLO) 
G-V Controls, Inc., 


111 Pleasant, Ashland, Mass 


1024 McKee, Batavia 


8 Hollywood Plaza 
East Orange, N. J. (FG) 

General Electric Co., Construction Ma- 
terials Div., Bridgeport 2, Conn. (S) 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (ABCDEFGHJK 

MNOPRSTUVWY) 

Guardian Etsctric, 1627-P W 
Chicago 12, Ill, (CFGHN) 
Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. (MOPRSU) 
Haydon Mrg. Co. Ine., 2536 Elm, Tor 
rington, Conn, (G) 
Heinemann Electric Co., Tren 

ton 2, N. J. (0) 

Hetherington, Inc., 1200 
Sharon Hill, Pa. (P) 

Janco Corp., 3111 Winona Ave., 
Calif. (BW) 

Jennings Radio Manufacturing Corp., 97") 
McLaughlin Ave., P, O. Box 1278, San 
Jose 8 Calif 

Kellogg Switchboard and Supply Co., 6650 
S. Cicero Ave., Chicago 38, Il 8s 
(Crossbar) 

Lakewood Controls 
Crystal Lake, Ill 

Leland, Inc., G. H., 
2, Ohio 

Littelfuse, Des Plaines, Il! 

Lux Clock Manufacturing Co 
bury 20, Conn. (G) 

McQuay-Norris Manufacturing 
Marceni., St. Louis 10, Mo 

Mallory & €o., In r. 2, 
6, Ind. (GNPSWY) 

Mechanical industries 
Ash, Akron 8, Ohio 

Mercoid Corp 4201 Belmont 
cago 41, Ill. (ABCDEF) 

Micro Switct A Div. of 
Honeywell Regulator Co 
(BDFLSW) 

Oak Mfg. Co., 
cago 10, Ill 

Ohmite Mfg 
lil. (NS 

Pass & Seymour, Ine., 
racuse 9, N. Y 

Proctor Ele i Co 3rd nd 
Park Ave Phila 

Pyle- Nationa ‘¢ 1388 
Chicago 51, Il 

“Contr 
nsport 

Relay Sales, Box 186-B 

Robertshaw-Fulton Contr Co. 
Columbus 16, Ohio (B) 

Spencer Thermostat Div Metals & Con 

612 Forest Attlebor 


Walnut 


99 Pium, 


Elmwood Ave 


Burbank 


Corp., 264 E. Prairie 


123 Webster, Dayton 


Inc., Water 
Co. 
(EJ) 

Indianapolis 


2322 


Production (¢ 


9) 
211 


Ave Chi 
Minneapolis 
, Freeport, I 


1258 


(NWZ 
Co., 361 


Clybourn Avve., Chi 


Howard, Skokie 


Solvay Station, Sy 
Hunting 
Pa I 


Kostner Ave 


lelphia 40 


Div., Essex Wire Cor 


Ind ; 
West Chicago, Ill 


Acro Di 


i1 N. Richards 
ABCEFLOPR) 
Stackpole Carbon Co., St. Marys, Pa P 
Stromberg-Car!sor A Div. of General Dy 
namics Corp., 117 Carlson Rd., Rochester 
8, N. ¥ 
Switchcraft, Inc. 
22, I (N 
Ther Electric & Machine Works, 11A 8S 
Jefferson, Chicago 6, Ill S) 
Torq Engineered Products, Int., 34 W 
Monroe, Bedford, Ohio (V) 
Unimax Switch Div., The W. L. Maxsor 
Corp., Ives Rd., Wallingford, Conn D 
Ward Leonard Electric Co 4 South 
Mount Vernon, N. Y. (CGHOR 
Westinghouse Electric Corp Gateway 
Cent Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 30, Pa. (ABCDEFGHLOPS 
Zenith Electric Co.. 152 W. Walton, Chi 
cago 16, Ill HR) 


Milwau 


1328 N. Halsted. Chicago 


SYNCHROS 


TACHOMETERS 


Associated Researcl Ir 3794 WW 
Belmont Ave., Chicago 18, Ill 
General Electric Co., Apparatus Sales D 
Schenectady 5, N. Y 
Ideal Industries, Inc., 
Sycamore, Ill 
Reliance Electric & Engineering Co. 
Euclid Ave., Cleveland 17, Ohio 
Jeston Electrical Imstrument Corp., A’ Sut 
Daystrom, Inc 614 Frelinghuyser 
Newark 5, N. J 


1008 Park Ave 


24701 


TAGS. TERMINAL and 
IDENTIFICATION 
National Band & Tag 
9-254, Newport Ky 
Natvar Corp., 207 Randolph 

bridge, N. J 
Rothchild Printing Co 52 E 
New York 3, N. Y 


Co., P. @. Box 


Ave., Wood- 


19th 
ELECTRICAL 


MANUFACTURING 





Remarkable 
high-temperature insulation 


nished glass fabric 


> PER MIL 


VOLT 


Days Exposed 


Comparison of dielectric strength vs. time aged at 
250°C. (482°F.) for “‘Armalon”’ and the best commer 
cially available high-temperature Class H insulation 
After exposure to extreme temperatures, ““Armalon” 
can be creased without damage, while Class H ma 
terials become very brittle. 


Bendix high-temperature AC aircraft generator - 
lined with Du Pont “‘Armalon.”’ Driven directly by 
plane engine, this 20 KVA, 400-cycle unit operates at 
4 800-7 200 rpm. 


Armalon’ proves dielectric superiority 
as slot liner for aircraft generators 


DU PONT INDUSTRIAL Bendix Aviation Corp. uses a Du PontArmalonjtetrafluoroethy lene 


: resin-coated glass fabric to slot-line the high-temperature AC 
COATED FABRICS generators it builds for the Air Force’s F-104 Starfighter. Superior 
dielectric and mechanical properties of ““Armalon”’ give windings 
COATING MEDIUMS maximum protection against vibration and the 

Neoprene + Buna-N e Silicone ¢ Polyacrylate generated at full load and high altitude. 
Chlorosulfonated Polyethylene « Tetrafluoroethylene This example of performance superiority characterizes the entire 
Buty! « Acrylic « Polyamide family of Du Pont industrial coated fabrics. Do you need a material 

Polyethylene «+ Polysulfide resistant to gas, oils or corrosives? 


extreme heat 


to abrasion and flex cracking? 

to temperature extremes? Or one with superior insulating or 

SUBSTRATES anti-stick properties? If so, get all the facts on Du Pont industrial 

Fabrics Felts or coated fabrics. Simply mail the coupon. 
Cotton . Nylon . “Dacron’’* Non-Woven 
Asbestos . Glass “Teflon” Felts 
Rayon . “Teflon“** Wool Felts 
{.1.du Pont de Nemours & Co. (Inc.), Dept. EM-712, 
Also elastomer sheet stocks without Fabrics Division, Wilmington 98, Delaware 


fabric inserts and cements Please send me further information about coated fabrics. 


I am interested in using a coated fabric for__ 
£ ——— 


** Dacron” is Du Pont’s registered trademark for its polyester fiber 


**Teflon” is Du Pont’s trademark for its tetrafluoroe thylene fiber eee Title 


Firm 


Address 


REG. u.s. Pat OFF 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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AVAILABLE IN 
FOUR TIME RANGES 
7 MINUTES 
14 MINUTES 
28 MINUTES 
56 MINUTES 


WITH “HOLD” FEATURE 


if desired 


illustrated above: 


dependable 


accurate 


MODEL 1-102 (for mounting di- 
rectly on sheet metal panel) $9.00 
Also available in metal box with 
or without signal light. 


More than just a warning de- 
vice, Cissell Time Switches open 


eb I 0 


. or close . an electrical 


circuit at the end of a specified 
time period. They are adaptable 


to a wide variety of mountings. 


Heavy Duty 


Wt: 
EG La) 


TERNATING CURRENT 
or 230 VOLT, '4 H.P. SINGLE 
PHASE, 10 AMPERES, INDUC- 


GUARANTEED for 1 


to prove 
answer 
problem. Contact 
detailed 


year. 
We welcome an opportunity 
that we have the 
to YOUR time switch 
us now for 
information. 


CURRENT RATING: AL- 
115 


TIVE OR 1,.ON-INDUCTIVE, 


W. M. CISSELL MFG. CO., 


INC. 


631 S. First St., P. O. Box 1143 


eal Oo) Lit ol 


LOUISVILLE, KENTUCKY 


Circle 375 on page 17 


HERMASEAL 


——Hermaseal 


CALL US ON 


Specialists in 
» « « Glass-to-Metal Seals! 


STANDARD 


AND SPECIAL TERMINALS. 


Hermaseal OCTAL Plug 


—Hermaseal 


..- A successful pioneer since 
1943 in glass-to-metal seals, 
compression (cold rolled 
steel) and matched (Kovar), 
to meet your needs. 


Hermaseal NOVAL 
Bracket Assembly 


Header and 


—Hermaseal 


with its expert engineer- 
ing staff and the latest in pro- 
duction equipment is ready 
to serve you. 
Hermaseal 


10 Kilovolt TERMINAL 


For further information. 
phone 2-3773 or write: 


THE 


> 


HERMASEAL COMPANY, 


1010 N. Main, Elkhart, Indiana 
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INC. 


TANTALUM 


Fansteel Metallurgical 
cago, Til 

Mallory & C Inc Pte 
6, Ind 


Corp North Chi 


Indianapolis 


TAPE, ADHESIVE and COIL 
FASTENING 


Armstrong Cork Co. 
caster, Pa. 
Dennison Manufacturing Co., 
Framingham, Mass 
Insulation Manufacturers 
Washington Bivd., Chicago 6, Ill 
Johns-Manville, Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, Ill 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn 
Permacel-LePage's Inc 
New Brunswick N. J 


TAPE, FRICTION and SPLICE 


Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill 
Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving 

ton 11, N. J 
Johns-Manville 14, 
N , 

Johns-Manville, Dutch Brand Products. 
7800 Woodlawn Ave., Chicago 19, Ill 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 

Paul 6, Minn 


TAPE, INSULATING. See Fabrics, In 
sulating; Sleeving and Tape, Asbestos 
Tape, Friction and Splice; Tape and 
Sheeting, Synthetic Resin 


7011 Ingersol, Lan 
300 Howard 


Corp., 565 W 


State Highway 25 


Box New York 16 


TAPE, MAGNETIC RECORDING 
Magnetic Recorder Components 


See 


TAPE, MICA. See Mica 


TAPE and 
RESIN 
Borden Co. 
bara, Calif 
Continental-Diamond Fibre, A Sub 
Budd Co., Newark 13, Del 
lu Pont de Nemours & Co > 
Plastics Div., Polychemicals Dept., Wil- 
mington 98, Del 
Insulation Manufacturers 
Washington Blvd., 
Irvington Div., 
Manufacturing 
Irvington 11, N. J 
Minnesota Mining & Mfg. Co., 
Products Div 900 Fauquier 
Paul 6, Minr 
Natvar Corp., 207 
N. J 
Wood Finishing Co., Electrical 
1 Dept Woodbridge, N. J 
s-Manhattan Inc., Plastic Prod 


Div Manhein Pa 
Plastics Div 


States Gasket Co 
Garlock Packing Co., Camden 1 


SHEETING, SYNTHETIC 


Resinite Dept., Santa Bar- 


of The 
(Inc.) E. I 


Corp., 565 W 
Chicago 6, Ill 

Minnesota Mining & 
Co 9 Argyle Terrace 


Electrical 
Ave., St 
Randolph 


Ave., Wood- 


Jersey 
at 


TAPES, MEASURING 


Keuffel & Esser Co., Hoboken, N. J 


TELEPHONES 


Hinds Co., Syracuse 1 
Switchboard and Supply Co., 

cero Ave., Chicago 38, Ill 
Pneumatic Co Inc Holtzer 
Div 125 Amory Soston 19 


Crouse N. ¥ 
Kellogg 
Ss ct 


6650 


4 Div of 
17 Carlson 


Genera) 
Rd Ro- 


See Con- 
Relays 
Thermostats 


TEMPERATURE CONTROLS. 
trols, Pressure and Temperature 
Switches Thermometers 

TERMINAL BLOCKS 


TERMINALS. See 


See Strips 


Lugs and Terminals 
TESTING CHAMBERS 
Test 


See Chambers 


INSTRUMENTS 
Also Tools, Portable 


TESTING See Instru 
THERMAL SWITCHES. 


THERMISTORS 


General 


See Switches 


Electric ¢ Metallurgical Prod 
ts Dept 11131 E. 8 Mile Ave De 
t 2, Mich 


THERMOCOUPLES 

Baker & Co., In 11 
a 

General Electric Co., Apparatus Sales Div 
Schenectady 5 N Y 

Rockbestos Products Corp 
(Conn 

Westingh 
Center 


Astor, Newark 5 


New Haven 4 


ouse Electric 
Bidg. No 
Pittsburgh 30, Pa 

Weston Electrical 
sub f 


huyser 


Corp 
401 


Gatewas 
Liberty Ave 


Instrument 

Daystrom Inc 614 

Ave Newark 5, N. J 

elco Instruments Div Barber-Colman 
1403 Rock, Rockford, Ml 


Corp., A 
Freling 


THERMOMETERS 


Weston Electrical Instrument Corp 
of Daystrom Ine 614 
Ave Newark 5, N. J 

Wheelco Instruments Div Barber-Colman 
Co., 1403 Rock, Rockford, Il 


. A sub 
Frelinghuysen 


THERMOPLASTIC WIRE 


Cable, Insulated 


See Wire and 


THERMOSTATIC BIMETALS 


Baker & Co., Inc., 113 Astor, Newark 5 
N. J 

Brainin Co., C. 8., 
Vernon, N. Y 

Chace Co., W. M., 
troit 9, Mich 

General Plate Div., 
Corp., 1912 Forest 

Wilson Co., H. A., 
N. J 


318 Washington, Mt 


1608 Beard Ave., De 
Metals and 
Attleboro 


Route 22 


Controls 
Mas 
Union 


THERMOSTATS 


Barber Colman Co. 
Rockford lil 

Curtiss-Wright Corp., 

Dales Co Franklin, 
Akron, Ohio 

Edison Industries Thomas A.. 
ment Div., McGraw-Edison Co., 
Orange, N. J 

Fenwal, Inc., 111 Pleasant, Ashland 

G-V Controls, Inc., 8 Hollywood 
East Orange, N. J. 

General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Hart Manufacuring Co., 
Ave., Hartford 1, Conn 

Mechanical Industries Production Co., 
Ash, Akron 8, Ohio. 

Mercoid Corp., 4201 Belmont 
cage 41, Ill 

Robertshaw-Fulton Controls Co., 
Columbus 16, Ohio. 

Spencer Thermostat Div., 
trols Corp 3612 
Mass 

Stevens Mfg. Co., 
Mansfield, Ohio. 

Still-Man Manufacturing Corp., 
164th, New York 56, N. ¥ 

Torq Engineered Products, 
Monroe, Bedford, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 

Wiegand Co Edwin L., 7530 Thomas 
Bivd., Pittsburgh 8, Pa. 


Dept. X, 1203 Rock 
Carlstadt, N. J 
180-184 E. Mili 


Instru- 
West 


Mass 
Plaza 


211 Bartholomew 
211 


Ave., Chi 


Acro Div 


Metals & Con 
Forest Attlebor 
Inc., 


Lexington and 


429-33 E 


Inc., 34 W 


TIMERS, MOTOR 


AEMCO, Inc., 50 State, 

Allen-Bradley Co., 
waukee 4, Wis 

Bristol Motor Div., 
ica, Inc., 108 
Conn 

Controls Co. of America, 
Ave., Schiller Park, Ill 

Cramer Controls Corp., 
brook, Conn. 

Dimco-Gray Co., 
Ohio. 

Eagle Signal 
Ill 


Mankato, 
1316 S 


Minn 
Second, Mil- 


Vocaline Co. 
Coulter, Old 


of Amer- 
Saybrook 


9551 Soreng 


Box 8, Center- 


210 KB. 6th, Dayton 2 


Corp., 202 20th, Moline 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y¥ 
Haydon Co., A. W., 234 N. Elm, Water 
bury 20, Conn 
Haydon Mfg. Co 2536 Elm, Torring 
ton, Conn 
Industrial Timer Corp., 
Highway, Newark 4, N. J 
Lux Clock Manufacturing Co 
bury 20, Conn 
Mercoid Corp., 
cago 41, Ili 
Relay Sales, Box 186-B 
Square D Co., 4041 N 
kee 12, Wis 
Stromberg -Carlson 
namics Corp., 
a A 
Ward Leonard Electric Co., 34 
Mount Vernon, N. Y 
Westinghouse Electric 
Center Bldg. No. 3, 
Pittsburgh 30, Pa 
Zenith Electric Co 
cage 10, Ill 


1411 McCarter 


, Ine., Water 


4201 Belmont Ave., Chi 
West Chicago, Ill 


Richards, Milwau- 


A Div. of General Dy 
117 Carlson Rd., Rochester 


Soutt 


Gateway 
Liberty Ave 


Corp 
401 
152 W 


Walton, Chi 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Micronics Div., 
Elgin, Ill 
TIME SWITCHES 


See Switches 


TOOLS, PORTABLE 
Barber-Colman Co 
Rockford, Ill 
Gardner-Denver Co 
matic) 
Ryerson & 
80, Ill 
Syntron Co Homer City, Pa 

Thomas & Betis Co., Ine., 
Elizabeth 1, N. J. (Terminal 


Dept. X 03 Rock 
Hardness Testing) 


Quincy, Il Pneu 
Joseph T 


Son, I Chicago 


Butler 
Tools 


TRACING CLOTH, FILM and PAPER 
Keuffel & Esser C¢ Hoboken, N. J 
Ozalid, A Div. of General Ar 

Corp., Johnson City, N 


TRANSDUCERS, PRESSURE 


Electro Products Laboratories, Inc 4501 
N. Ravenswood Ave., Chicago 40, I 
Servomechanisms, Inc., Mechatrol Div 17 
Brooklyn Ave., Westbury, L. I., N. ¥ 


TRANSFER SWITCHES. See Switches 
TRANSFORMER HOUSINGS 


nets, Sheet Metal 


See Cab 


TRANSFORMERS, ELECTRONIC 


Audio 2 13th Ave., 
South Minneapolis 7, Minn 

Caledonia Electronics & Transformer Corp 
Dept. EM-10, Caledonia, N. Y 

Chicago Standard Transformer Corp 
Addison Chicago 18, Il 

Comar Electric Co 3349 
Chicago 18, Ill 


Development Co., 2836 


. 3501 


Addison 


ELECTRICAL MANUFACTURING 





1. Guard against oxidation of heater 
wire terminals and other solderless 
connectors. Terminals of “A” Nickel resist oxi- 
dation and embrittlement all the way up to 1900°F. 
Seamless barrel connectors of tough Monel* nickel- 
copper alloy retain their strength and “grip” despite 
corrosive atmospheres. 


Guard against lead wire breakage. 
Strong and tough, “A” Nickel lead wire combines 
excellent oxidation and corrosion resistance with 
good electrical properties at high temperature. It 
works easily, withstands shock and vibration. Avail- 
able solid or stranded with asbestos or fiberglass 
insulation, “A” Nickel wire is used in hot plates, 
electric ranges, and heaters of many types. 


Guard against failure of studs and 
screws. Monel studs and screws retain excellent 
resistance to corrosion, are strong, hard, and tough. 
Yet, the excellent fabricating properties of Monel 
alloy permit their manufacture by automatic screw 
machine. Used in a variety of domestic and industrial 
equipment — toasters, hot plates, laboratory and 
foundry heating units. 


Give your appliance 3-way protection 
with these Nickel and Nickel Alloy parts 


Where you have severe operating conditions — high tem- 


peratures, corrosive atmospheres, sudden stresses, con- 
tinuous hard use — one sure way to avoid trouble is to 
put nickel and nickel alloys in the trouble spots. 


With their unique combinations of useful properties, 


these alloys measure up to rough service requirements: 
a critical part made of “A” Nickel or Monel alloy is often 


all that’s needed to assure long, dependable appliance 
performance 

If you have an appliance part problem, check with 
Inco. Outline the details. We'll be glad to help you find 


out if an Inco Nickel Alloy is the answer. — «Registered trademark 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street rN New York 5, N. Y. 
INCO 


INCO NICKEL ALLOYS 
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Stiip 


with 


TEFLON" 


INSULATED WIRE 


EASE and 
PRECISION 


Shown with 
Stop Ustch 

it 
a Wire Stop. 


It is now possible to strip Teflon insulation from 
#10 to #26 wires, quickly and accurately—wwith 
no damage to conductor, no marking of insulation. 
IDEAL’S new Stripper features “Concentric Hole” 
blades and specially designed jaws that make Teflon 
as easy to strip as any other type of insulation. 


Reduces waste 


conductor are virtually 
are precision drilled on 


the exact 


and rejects! 


size 


Nicking and scraping of 
eliminated because blades 
watchmaker’s equipment to 
€ the wire. Greater contact area and 


fine serrations of jaws provide extreme holding 
power, permitting insulation to pass the most rigid 
inspection standards — where marking and grooving 
must be kept to a minimum. 


Speeds production! 


Automatic one-squeeze action makes 


Teflon stripping a “lightning-fast” operation for 
anyone. Just insert wire between blades to desired 
length, squeeze handle and release. Jaws snap back 
into position, ready for next strip. 


*TEFLON is a registered trade name of E. |. duPONT deNEMOURS & CO. 


Two additional features (optional) 


lows greater visibility for plac- 
in holes. 


ing wire 
i 


SHORT STOP 
LATCH — limits 


stripping 
to approximate- 
ly $/32”. 
lation 
protecting strands. 
Latch may be disengaged 


justs to desired 
length for uni- 
form stripping 
every time. Al- remains on wire, 


full 7/8” stroke 


Sold Through America’s Leading Distributors. 
In Canada: Irving Smith, Ltd., Montreal. 


a 
COUPO 
FOR FULL 
CATALOG 
DATA 


IDEAL INDUSTRIES, INC. 


1008-L Park Avenue, Sycamore, Illinois ——— 


Please send me full catalog data on Teflon 


Hand Stripper. 


RN acennctiniencsiasmntenmtayniit 
ee 
Address_ 

City Zone. 
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State 


stroke 


Insu- 
“slug” 


to allow 


mm. 
IDEAL 


Dano 
Conn 
Electran Mfg. Co., 
Chicago 14, III. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Nothelfer Winding Laboratories, P. O 
Box 455, Dept. 101 Trenton 3, N. J 

RCA Electron Tube Div., Radio Corp 
of America, Harrison, N. J 

Sola Electric’ Co., 4633 W. 16th, Chicago 
50, Ill 

Standard Electrical Products Co., 2240 E. 
Third, Dayton 3, Ohio 

Texas Instruments Incorporated, 
Lemmon Ave., Dallas 9, Texas. 

United Transformer Co., 150 Varick, New 
York 13, N. Y. 


Electric Co., 93 Main, Winsted, 


1901 Clybourn Ave 


6000 


TRANSFORMERS, BALLAST. See Fluo- 
rescent Lamp Auxiliaries. 


TRANSFORMERS, 
CURRENT 


Allis-Chalmers, Milwaukee 1, Wis. 

Associated Research Inc., 3794 
mont, Chicago 18, Ill 

Chicago Standard Transformer Corp., 3506 
Addison, Chicago 18, II 

Comar Electric Co., 3349 
Chicago 18, Ill. 

Dano Electric Co., 
Conn 

Electran Mfg. Co., 
Chicago 14, Ill 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N.J 

General Electric Co., Apparatus Sales Div. 
Schenectady 5, N. Y 

Sola Electric Co., 


INSTRUMENT 


Bel- 


Addison, 


93 Main, Winsted, 


1901 Clybourn Ave 


4633 W. 16th, Chicago 

0, Ili 

Westinghouse Electric Corp., 
Center, Bldg. No. 3, 401 
Pittsburg! 0 Pa 

Weston Electrical Instrument Corp., A sub 
of Daystrom Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


Gateway 
Liberty Ave., 


TRANSFORMERS, POWER CIRCUIT 


Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard Transformer Corp., 3506 
Addison. Chicago 18, Ill 

Comar Electric Co., 
Chicago 18, Ill 

Control, Box 391, Butler, Pa 

Cutler-Hammer, Inc., 1264 St. 
Milwaukee 1, Wis 

Dano Electri o., 93 Main, 
Conn 

Dormeye 


3349 Addison 


Paul Ave 
Winsted 
s, 3424 Milwaukee Ave., 


Electran 
Chicago 
General E 
Schenecta 
Hevi Duty Electric Co., 
Wis 
Nothelfer Winding !aboratories, P. O. Box 
455, Dept 1, Trenton 3, N.J 
Elec Tube Div., Radio 
Harrison, N. J 
Co., 4633 W. 16th, Chicago 


1901 Clybourn Ave., 


Apparatus Sales Div., 


Milwaukee 1 


Corp 


i Electrical 

Dayton 3, 

Ther Electric & Machine Works, 
S. Jefferson, Chicago 6, Ill 

United Transformer Co., 150 Varick, New 

York 13, N. Y, 

Wagner Corp., 

Ave., St ouls 14, Mo 

Westinghouse Electric Corp., 

Center, Bldg. No. 3, 401 
Pittsburgh 3 Pa. 


Products Co., 
Ohio 


2240 E 


1lA 


6454 Plymouth 
Gateway 
Liberty Ave 


TRANSFORMERS, 
VOLTAGE 
Electri Co.. 
go 18, I 
n Mfg. Co 
Chicago 14, Tl 
Hevi Duty Electric Co., Milwaukee 1, Wis 
RCA Electron Tube Div., Radio Corp. o’ 
America, Harri N. J 
ard Elect Products Ce., 
Ohie 


VARIABLE 


3349 Addison 


1901 Clybourn Ave 


2240 FE 


TRANSMISSIONS and PULLEYS, 
VARIABLE SPEED 

Lovejoy Flexible Coupling Co., 
Lake, Chicago 44, Ill 


4802 W 


TRANSISTORS and CRYSTAL DIODES 
Clevite Transistor Products, 
Waltham 54, Mass. 
Federal Telephone and Radio Ce. Div. 0” 
International Telephone and Telegrap! 
Corp., 100 Kingsland Rd., Clifton, N, . 
General Electric Co., Electronics Div. 
Electronics Park, Syracuse 1, N. Y. 
«Germanium & Silicon Transistors) 
Hoffman Semiconductor Div. of Hoffman 
Electronics Corp., 930 Pitner Ave, 


Evanston, Ill. 

Hughes Products, Semiconductors, Div. of 
Hughes Aircraft Co., International Atr- 
port Sta., Los Angeles 45, Calif. 

International Rectifier Cerp., 1521 EK. 
Grand Ave., El Segundo, Calif 

national Resistance Co., 401 N. Broad 

Philadelphia 8, Pa 

RCA Semiconductor Div., 
America, Harrison, N. J 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Sylvania Electric Products, Ine., 
Broadway, New York 19, N. Y. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

Transitron Electronic Corp., Wakefield 
Mass. 

Westinghouse Electric Cerp., 
Center, Bidg. No. 3, 401 
Pittsburgh 22, Pa 


241 Crescent 


Radio Corp. of 


1740 


Gateway 
Liberty Ave. 


TUBE PARTS (Electronic). See 
tronic Tube Components 


Elee- 


TUBES, CATHODE RAY 


General Electric Co., Tube Dept., 
tady 5, N. Y¥ 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J. 


Schenec- 


TUBES, ELECTRON (Industrial) 


Amperite Co Inc., 561 Broadway, 
York 12, N. ¥ 

Chatham DBPlectronics, Div. of Tung-Sol 
Electric Inc., Livingston, N. J. 

Eitel-McCullough, Inc., San Bruno, Calif 

sa vag 2a mi 127 Sussex Ave,, Newark 
3, N. 2 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Tube Dept., Schenec- 
tady 5, N. Y 

Hughes Products, Electron 
Hughes Aircraft Co., International Alir- 
port Sta., Los Angeles 45, Calif 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J. 

Sylvania Electric Products, 
Broadway, New York 19, N.Y 

Westinghouse Eleetric Corp 
Center, Bldg. No. 3, 401 
Pittsburgh 30, Pa 


New 


Tube, Div of 


Ine., 1740 


Gateway 
Liberty Ave., 


TUBES, 
Glass, 


METALLIZED 
Technical 


GLASS 


TUBES, PHOTOELECTRIC 


See Phote- 
electric Cells and Tubes 


TUBES, THERMOCOUPLE 


Kanthal Corp., 8 Amelis Place. Stawfvru. 
Conn. 


TUBING, ALUMINUM, 


TUBING, BRASS, BRONZE and COP- 
PER, See Brass, Bronze and Copper 


TUBING, FIBRE. See Fibre. 


TUBING, LAMINATED METAL. See 
Laminated Metals, Precious and Base 


See Aluminum 


TUBING, MICA, See Mica. 


TUBING, NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy. 


TUBING, PAPER 


Cleveland Container Co., 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre. A Sub. of The 
Budd Co., Newark 13, Del 

Paramount Paper Tube Corp., 612 Lafay- 
ette, Ft. Wayne 2, Ind 

Precision Paper Tube Co., 
Charleston, Chicago 47, Ill. 


6201 Barberton 


2035 W 


TUBING, SILVER. See Silver and Silver 
Alloys. 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetie resin. 


Harris Mfg. Co 1200 Bar 
Conshohocken 2, Pa 
Borden Co., Resinite Dept., Santa Barbara 
Calif. 
Brand & Co., Inc 
Conn 
Continental-Diamond Fibre, 
Budd Co., Newark 13, Del 
Insulation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill 
Irvington Div., Minnesota Mining & Mar 
ufacturing Co., 9 Argyle Terrace, Irving 
ton 11, N. J 
Natvar Corp., 207 
bridge, N. J 
Owens-Corning Fiberg! ‘orp., 598 Madi 
son Ave., New York mae 
Varflex Corp., 504 W. Court, Rome, N. Y 
Westinghouse Electri Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


sentley, 


, William, Willimantic 


A Sub. of The 


Randolph Ave., Wood- 


TUBING and SLEEVING, 
PLASTIC 


Borden Co., Resinite Dept., 
Calif. 

Brand & Co., Inc., 
Conn, 

General Electric 
Decatur, Ill. 
Insulation Manufacturers 
Washington Blvd., Chicago 6, III. 
Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving 

ton 11, N.J. 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del 
Natvar Corp., 207 
bridge, N. J 
New Jersey Wood Finishing Co., Electrical 
Insulation Dept., Woodbridge, N. J 
Phalo Plastics Corp., Commercial & Foster, 
Worcester 8, Mass. 
Rogan Brothers, 8027 N. 
Skokie, Il 

United States Gasket Co., 
The Garlock 
N. J 

Varflex Corp., 504 W. Court 


EXTRUDED 


Santa Barbara, 
William, 
Co., 


Willimantic, 
Plastics Dept 


Corp., 565 W 


Randolph Ave., Wood- 


Monticello Ave., 


Plastics Div. of 
Packing Co., Camden 1, 


Rome, N. Y 


TUBING STEEL. See Steel, 
Forms and Grades. 


Commercial 


TUNGSTEN. See also Contacts 


Fansteel Metallurgical Corp., North Chi- 
eago. Il 


ELECTRICAL MANUFACTURING 





Specify the PERFORMANCE 
as well as 


the GEOMETRY 


aici SHAPES, screw threads, grooves and counterbores 


that make up the geometry of Electrical Porcelain 
insulators are today taken pretty much for granted. The 
specifier knows that within realistic limits his designs—even 
though complicated—can be produced faithfully 
and economically in Electrical Porcelain. 

Not so generally recognized is the versatility of 
Electrical Porcelains in meeting a wide range 
of performance requirements. 

What are your requirements ... Resistance to high 
temperatures? Resistance to arcing, to chemicals 
or acid fumes? High dielectric combined with good 
mechanical strength? Dimensional stability? 

Next time you consider insulator components, 
specify the performance as well as the geometry. Any 
of the companies listed below will be glad 


to talk over your problems. 


OSI ayy re 


Sponsored by these members of the 


DRY PROCESS ELECTRICAL PORCELAIN SECTION 
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 


THE AKRON PORCELAIN CO. 3000 corry AVE., AKRON 14. OHIO 
THE CERAMIC SPECIALTIES CO. 444 west sixtH sTREET 


EAST LIVERPOOL 
KNOX PORCELAIN CORP. knoxvitte 1, TENN 

NEW JERSEY PORCELAIN CO. new york AVE. AND PLUM ST., TRENTON 5 
PORCELAIN PRODUCTS, INC. 225 No. PATTERSON ST., CAREY. OHIO 


THE UNIVERSAL CLAY PRODUCTS CO. 1501 €. First stREET 


SANDUSKY, OHIO 
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DORMEYER 


New or improved 

product design takes 

all your knowhow. Dormeyer 

Solenoid Engineers can contribute to 

your efforts with electro-mechanical devices 

that carry out your ideas and even stimulate more. 
Dormeyer Solenoids have streamlined appearance, 
simplified operation, allowed ‘“‘package’”’ 
maintenance, and increased service life of 

many products. Let’s talk about yours: 


Send product sketch for our recommendations . . . 
b/p or specs for estimate . . . no obligation. 


yl Free 20-page catalog describes Dormeyer line of 
oes Solenoids, Coils and Transformers. Write today. 


DORMEYER INDUSTRIES 


FACTORIES IN CHICAGO AND KENTLAND, INDIANA 


3424 MILWAUKEE AVENUE CHICAGO 41, ILLINOIS 
Circle 380 on page 17 


MARK WIRES PERMANENTLY! 


Easy To Apply Metal Tags, replace 
Obsolete String and Paper Methods 


TERMINAL 


@ Aluminum, steel, brass. 


or zinc. 
@ Big voriety, 
styles, and sizes 


many 


FREE SAMPLES AND FOLDER LISTING 
ALL STYLES AVAILABLE ON REQUEST 


NATIONAL BAND & TAG CO., P. 0. Box 9-254, Newport, Kentucky 


Circle 381 on page 17 


30 YEARS OF WIRE STRIPPING 
EXPERIENCE 


Not just 30 years of 
building one or two types 
of standard wire strippers 
but continuous research and 
development of many wire 
strippers to meet ever 
changing needs. 


Speedcraft (illustrated) has 
widest application and su- 
perior performance on most 
kinds of smaller wire. 


For larger sizes 
about our Air 
Cable Stripper. 

Consult us about your wire 
stripping problems. 


@ Fer aircraft, radio, tele 
phone, motor and gener- 
ator monufacture, et< 


inquire 
Operated 


—““q@, 


Write for complete information—sending wire samples—no obligation. 


WIRE STRIPPER CO. 1729 EASTHAM AVE. 


E. CLEVELAND, OHIO 


308 Circle 382 on page 17 


Mallory & Co., Inc., 
6, Ind. 


P. B., Indianapolis 


UNDERCUTTERS, MICA. 
Undercutters, 


See Mica 


UNIVERSAL JOINTS 


Lovejoy Flexible Coupling Co., 
Lake, Chicago 44, Ill. 


4802 W. 


VACUUM TUBES. See Tubes, 
Ray; Tubes, Electron. 


Cathode 


VALVES, MOTORIZED or SOLENOID 
OPERATED 


Automatic Switch Co., 50-M Hanover Rd., 
Florham Park, N. J. 

Barber-Colman Co., Dept. X, 1203 Rock 
Rockford, TL 

Controls Co., of America, Soreng 
Ave., Schiller Park, Ill. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

MecQuay-Norris Manufacturing Co., 2322 
Marconi, St. Louis 10, Mo. 

Mercoid Corp., 4201 Belmont Ave., Chi- 

Skinner Electric Valve Div., New Britain, 
Conn. 
Center, Bldg. No. 3, 401 Liberty Ave., 

Pittsburgh 30, Pa. 


9551 


cago 41, Til. 
Westinghouse Slectric Corp., Gateway 


VARNISHED 
Tneulating 


VARNISHES, COMPOUNDS and 
RESINS, INSULATING 


acme Wire Co., 1255 Dixwell Ave., 
Haven 14, Conn. 

— Co., Resinite Dept., Santa Barbara, 
Ca 

Borthig Co., Inc., George C., 242 Paterson 
Ave., East Rutherford, N. J. 

Brand & Co., Inc., William, Willimantie, 
Conn 

Dow Corning Midland, 
(Silicone) 

du Pont de Nemours & Ce., (Inc.), 
Plastic Div., Polychemicals 
Wilmington 98, Del. 

Durez Plastics Div. 
chemical Co 1312 Walck Road, North 
Tonawanda, N. Y. 

General Electric Co., Laminated Producte 
Dept., Coshocton, Ohio 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving- 

J 


ton 11, N 
Lendon Chemical Co., Ine., 1537 N. 8st 
Sub. of Minnesota 


Ave., Melrose Park, IIL 

Mica Insulator Co., 
Mining & Manufacturing Co., Schenec- 
tady 1, N 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 

Oronite Chemical Co., 200 Bush, San 
Francisco 4, Calif. 

Sherwin-Williams Co., General Industrial 
Div., Cleveland 1, Ohio 

Union Carbide Corp., Silicones Div., 420 
Lexington Ave., New York 17, N. Y 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 38, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Zophar Mills, Inc., 112-130 26th, Brooklyn 


FABRICS fae Fabrics 


Now 


Corp., Mich. 


E. L., 
Dept., 


Hooker Electro- 


32, N. ¥ 


VARNISHES, FINISHING. See Lacquers 
Enamels. Paints and Varnishes, Finisb- 
ing 


VARNISHES, 


nishes 


INSULATING. 


Compounds and 


See Var- 
Resins. 


V-BELTS. See Belt. 


VIBRATION TEST MACHINES 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y¥ 

Westinghouse Electric Corp., 
ter, Bldg No. 3, 401 
Pittsburgh 30, Pa. 


Drives, 


Gateway Cen- 
Liberty Ave. 


VIBRATORS 


Aerovox Corp., New Bedford, Mass 
American Television & Radio Co., St 
Paul 1, Minn 

Mallory & Co., Inc., P. R 
6, Ind 
Oak Mfg. Co 
cago 10, Ill 


Indianapolis 


1258 Clybourn Ave., Chi- 


WAXES and COMPOUNDS 


Biwax Corp., 3443 Howard, Skokie, Il 

Dow Corning Corp., Midland, Mich 

General Electric Co., Laminated Products 
Dept. Coshocton, Ohio 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manufacturing Co., Schenec- 
tady 1, N. Y¥ 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn 

Zophar Mills, Inc., 112-130 26th, Broeklyn 

82, N. Y. 


WEDGES and PEGS, ARMATURE 


Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, Tl. 

Mica Insulator Co., Sub. of Minnesota 
Mining & Manutacturing Co., Schenec- 
tady 1, N. Y 

National Vulcanized Fibre Co., 


Wilming- 
ton 99, Del 


WELDING EQUIPMENT 


General Electric Co., Apparatus 


Sales 
Div., Schenectady 5, N. Y. (Are) 


Precision Welder and Flexopress Corp., 
3520 Ibsen Ave., Cincinnati 9, Ohio 
Revere Copper and Brass Inc., 230 Park 

Ave., New York 17, N. Y. 
Sciaky Brothers, Inc., 4915 W. 67th, 
Chicago 33, TIL 
Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


WELD NUTS. See Fasteners. 


WHEELS BLOWER 


Torrington Manufacturing Ce., Torrington, 
Conn. 


WINDING MACHINES. See Coll Wind- 
ing Machines. 


WIRE AND CABLE. BARE 


American Brass Co., Waterbury 20, Conn 

American Steel & Wire Div., U. 8. Steel 
Cerp., Rockefeller Bldg., Cleveland 15, 
Ohio 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, N. Y. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. ¥ 

Essex Wire Co., Wire and Cable Dtr., 
Fort Wayne, Ind. 

General Cable Co., 420 
New York 17 N Y 

General Electric Co Construction 
rials Div Bridgeport 2, Conn 

Page Stee: @ Wire in,., Atmers.co Chain 
@ Cable Co., P.O. Box 692, Monessen, 
Pa. (Stainless or Carbon Steel Armature 
Banding) 

Phelps-Dodge Copper Products Corp., Fort 
Wayne, Ind. 

Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc., Riverside, N. J. 
Roebling’s Sons Corp., John A., Sub. of 
on? Fuel & Iron Corp., Trenton 

2,N 
Rome Cable Corp., Rome, N. = 
Ryerson & Son, Inc., Joseph T, Chicago 
80, Tl. 
Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N. Y. 


Lexington Ave.. 


Mate- 


WIRE and CABLE, INSULATED 


Asbestos (4) 
Rubber (B) 
Varnished Fabric (C) 
Thermoplastic (T) 
Coaxial Cable (X) 


American Steel & Wire Div., U. S. Steel 
Corp., Rockefeller Bldg., Cleveland 15, 
Ohio 

Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 54, Ill. (X) 

Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, N. Y. (ABCTX) 
Belden Mfg. Co., 4633 W. Van Buren 

Chicago 44, IIL (ABTX) 

Brand & Co., Inc., William, Willimant:., 
Conn. (TX) 

Bridgeport Insulated Wire Co., 53 Brook- 
field Ave., Bridgeport 8, Conn. (T) 
Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
Continental Wire Corp., Wallingford, 

Conn. (ATX) 

Cornish Wire Co., Inc., 50 Church, New 
York 7. N. Y. (BT) 

Eastern Insulated Wire Corp., 
ford, Conn. (ABCT) 

Essex Wire Corp., Wire and Cable Div., 
Fort Wayne, Ind, (BT) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Bd., Clifton, N. J 

General Cable Corp., 420 Lexington Ave., 
New York 17, N. Y¥ 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. (ABCX) 

Hitemp Wires, Inc., 1200 Shames Dr., 
Westbury, N. Y. (T) 

Phalo Plastics Corp., Commercial & Fos- 
ter. Worcester 8, Mass. (TX) 
Phelps-Dodge Copper Products Corp., 
Wayne, Ind. (ABCTX) 
Plastoid Corp., 42-61 24th, 

City 1, N. ¥ 

Rockbestos Products Corp., New Haven 4, 
Conn. (AT) 

Roebling’s Sons Corp., John A, Sub. of 
Colorado Fuel & Iron Corp., Trenton 
& Bw. a 

Rome Cable Corp., Rome N. Y. (BTX) 

Royal Electric Corp., Pawtucket, R. I. 
(ABT) 


Walling- 


Fort 


Long Island 


WIRE CUTTERS and STRIPPERS. See 
Strippers, Wire. 


WIRE CUTTING PLIERS and TWIST- 
ERS. See Pliers and Cutters, Wire 


WIRE FORMS. 
Flat; 


See Springs, 
Stampings, Metal. 


Coil and 


WIRE, MAGNET 


Acme Wire (e., 1455 Diswell Ave., 
Haven 14, Conn. 

Anaconda Wire and Cle Co., 25 Broad- 
way, New York 4, N. 

Belden Mfg. Co., 4633 wy. 
Chicago 44, ML 

Bridgeport Insulated Wire Co., 53 Breok- 
field Ave., Bridgeport 8, Conn, 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn 
Electric Auto-Lite Co., Wire and Cable 
Div., Port Huron, Mich. 
Essex Wire Corp., Magnet 
Fort Wayne 6, Ind. 
General Cable Corp., 
New York 17, N. 
General Electric Co., 
terials Div., 


Now 


Van Buren, 


Wire Div., 
420 Lexington Ave., 
” Construction Ma- 
Bridgeport 2, Conn. 


ELECTRICAL MANUFACTURING 





the MEW 


the ONLY Complete Line of Relays 


with the Built-in Indicator Lamp 


SPOT-LITE 


SPOTS CIRCUIT 


MALFUNCTION 


INSTANTLY! 
RELAYS 


(Pat. Pending) 


TwE ® TYPE C Tre ° 
The newest high quality, 
Purpose plug-in 
relay, featuring a neon lamp 


SAVES PANEL SPACE 
REDUCES COSTLY LABOR 


CIRCUIT CONDITIONS CAN BE SEEN 
AT A GLANCE WHERE NUMEROUS 
RELAYS ARE EMPLOYED 


general 


to indicate circuit function 
The neon indicator eliminates 
the need for expensive pilot 
lamp assemblies to indicate 


circuit or voltage conditions. FOR CIRCUIT IDENTIFICATION 


LINE ELECTRIC COMPANY 


AFFILIATE INDUSTRIAL TIMER CORP 


DIMENSIONS 
1%x1%x2% 


LT 4a) 
CONTACTS 
Up to 3 P.DT 
-5 Amps 
115V. 60C 
Orr l ie 
Oe ely 
ees 


SE ot IE a Gi Be ae a 


elt e 

PSE er Laem 
ee ity st) 
current and plate 
circuit types 
HOUSINGS: 

High impact 
polystyrene in 
al alae 
le mls 


AVAILABLE IN 4 STANDARD ARRANGEMENTS 
COLORED STYRENE CASES AVAILABLE 


271 South 6th Street 
Newark 3, New Jersey 


Circle 383 on page 17 


for complete 
selection of Basic 
Requirements for your Coil 
Winding needs it’s... 


Cot Winding Equipment Co. 


Write for complete 
technical literature 


COIL WINDING EQUIPMENT at 


OvVS7 i... BAY a ome, area 


Circle 384 on page 17 


FOR IMPREGNATING 


coils, wire coverings, paper forms, 
porous ceramics, etc. 


FOR SEALING 


condensers, batteries, exposed ter- 
minals, etc. 


FOR DIPPING 

electrical component assemblies in- 
cluding corona loss barrier mate- 
rials. 


FOR POTTING 


transformers and electrical com- 
ponent assemblies with varying 
degrees of heat conductivity. 


FOR ENCAPSULATING 


coils, electrical component assem- 
blies requiring higher thermal and 
moisture resistance. 


BIWAX CORPORATION 
3443 HOWARD ST. _— SKOKIE, ILLINOIS 


COMPOUNDS 


FOR BLENDING 


to your specifications. Data 
and samples furnished upon 
request 


DECEMBER 1957 Circle 385 on page 17 


NOW! A LOW COST, BENCH MODEL 
BALANCER THAT WILL ELECTRONICALLY 
DETECT THE LOCATION AND MAGNITUDE 
OF UNBALANCE IN ANY ROTOR FROM 
4-OUNCES TO 100 POUNDS! 


MODEL SU-6 DYNAMIC BALANCER IS EASY 
TO OPERATE, REQUIRES LITTLE SPACE 
AND MINIMUM FIXTURIZATION. A MOST 
PROFITABLE INVESTMENT FOR MANUFAC- 
TURERS AND SHOPS HANDLING ARMATURES, 
ROTORS, PROPELLERS, IMPELLERS, GYROS, 
FANS, BLOWERS, DRUMS, ETC. 


WRITE OR CALL FOR MORE INFORMATION. 


5 


MICRO BALANCING, INC. 
Herricks Road, Garden City Park, N. Y. 


Most Famous Name In Dynamic Balancers 


Circle 386 on page 17 





THE TREND 


IMPERIAL, 


TRAGING CLOTH 


Circle 387 on page 17 


you can 


your 
on this 


time/delay/relay 


Frequent time adjustments are 


no pre blem with the dial head 
tilable on AGASTAT time 


de lay re lays. They provide a com- 
plete range of adjustment with 1 revolution of the dial. Dial 
markings permit easy calibration for accurate adjustment. And 
you can spot each of the 4 timing ranges quickly because they 
are color coded: blue from 30 seconds to 15 minutes; red from 
10 seconds to 2 minutes; yellow from 0.1 to 10 seconds; whit: 
trom 0.1 to 3 seconds. 


Like all AGASTAT relays, units with dial heads ar 
noid actuated, pneumatically timed. Each model is availabk 
with either dial head or needle valve adjustment. Where fre 
quent readjustment of timing is necessary, dial head adjustment 


should be specified. For bulletin on ll popular AGASTAT time 
delay relays, write to: Dept. A28-1221. 


sok 


Elastic Stop Nut Corporation 
of America 


DIVISION 1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 


Circle 388 on page 17 


Hitemp Wires, Ipc., 1200 Shames Dr 
Westbury, N. Y. (T) 

Phelps-Dodge Copper Products Corp., Incs 
Manufacturing Div., Fort Wayne, Ind 

Rockbestos Products Corp., New Haven 4, 
Conn. 

Roebling’s Sons Corp., John A., 
—— Fuel & Iron Corp., 


Sub of 
Trenton 2, 


N. 

Rome Cable Corp., Rome, N. Y. 

Sprague Electric Co., 307 Marshall, 
Adams, Mass. 

Tensolite Specialties, Ine., 198 
Tarrytown, ‘ 


North 


Ma‘n, 


WIRE MAGNETIC RECORDING. Bee 


Magnetic Recorder Components, 


WIRE MARKING MACHINES. See 
Marking Machines and Devices 


WIRE, RESISTANCE 

Driver Co., Wilbur B 1875 
Highway, Newark 4, N. J 

Driver-Harris Co., Harrison, N 

Kanthal Corp., 3 Amelia Place, 
Conn 

Ney Co., J, M 
Conn 

Riverside 
ce Ine 


McCarter 


J 
Stamford, 
P. O. Box 990, Hartford 1 


Alloy Metal Div., H. K 
Riverside, N. J 


Porter 


WIRE STRAIGHTENERS 


Mettler Machine Tool 
Adeline New 


Ine 157 W 
Haven, Conn 


WIRE STRIPPERS, See Strippers, Wire 


WIRE TIES 


Electrovert Inc 489 
York 17, N. ¥ 


Fifth Ave 


WIRING DUCTS. See Ducts, Wiring 
WIRING HARNESSES. See 


and Assemblies, Wire. 


Harnesses 


WORK FEEDERS 


Mead Specialties Co 
Dept. E-47 


4114 N. Knox Ave 
Chicago 41, 


WORMS and WORM WHEELS. See 
Gears and Pinions. 

WRENCHES, SOCKET SCREW. See 
Socket Screw Keys and Wrenches. 

YARNS, BRAIDING and SERVING. See 
Fabrics, Insulating 


ZINC 


New Jersey Zine Co., 160 
York, N. ¥ 


Front, New 


. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 


63 Pavilion Avenue 


Providence 5, Rhode Island 


Circle 389 on page 17 


DYKEM 


STEEL a 


2 ro Gio 
as 7, 3: North 11th St. 


Popular package is 
8-oz. can fitted with 
Bakelite cap holding 

soft-hair brush for a 
plying right at benc 
metal surface ready for 

layout in a few minutes 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


Write for sample 

on company letterhead 
THE DYKEM COMPANY 
St. Lovis 6, Mo. 


Circle 390 on page 17 


FOLDING DOUBLE CUPPED WASHER LUGS 


o=— Solderless mmx) 0 


Bk 
09 


Efficient in 
Service 


Easy to Apply t= 


No Special Tool Needed 
One-Piece Construction 


eel 
(Co ahaa HUDEPOHL, hte 


Ka LSE same le De 


=a 
e060 
CO= 


Write for 
Bulletin 8-DF 


Circle 391 on page 17 





FRONT LOADING MULTIPLE 
HEADER BOBBIN WINDER 
Adjustable Length 


Up to 4 heads easily 
handled by operator 
without shifting position. 
Each head winds random 
wound Bobbin Coils, So- 
lenoids, Repeater Coils 
or Resistors up to 21” 
long and up to 4” OD. 
Each head individually 
motorized and easily 
portable. 


Exclusive time-saving 
convenient front loading 
—spindle faces operator. 
Winding traverse infi- 
nitely adjustable—no 
cam changing. 

Up to 7000 RPM winding speed. Exclusive features: 1) Slow- 
start eliminates wire breakage. 2) Extra economy positive 
stopping magnetic brake. 3) Instant automatic brake release. 


Note extreme compactness 


Other time-saving features: 1) Instant re-setting automatic 


counter. 2) Faster gear changing—gear box handily located 
on top of head. 3) One motion by operator re-sets counter and 
starts machine—starting switch located directly opposite 
counter re-set lever. 4) No oiling necessary—all parts auto- 
matically lubricated. 5) Tension conveniently mounted below 
spindle. 

Increase production, lower costs, lessen down time with 
Model 314-AM. 

GEO. STEVENS MANUFACTURING CO., INC. 
Pulaski Rd. at Peterson, Chicago 30, IIl. 
The most complete line of coil winding equipment made 
Circle 392 on page 17 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the base 
stud, and it snaps into place making 
a positive electrical connection. To 
remove just pull it off; no screws to 
bother with, no springs to bruise fin- 
gers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, N. J 


Circle 393 on page 17 


Coating 


Leading electrical manufacturers have 
found that coating undersides of metal 
grids in waffle irons and sandwich 


toasters saves at least 15°4 in wattage. 


/ SAUEREISEN 
No. 7w 


increases heat absorption, withstands thermal shock, provides a hard ceramic-like 
finish that resists water, oil, acids and temperatures up to 2500° F. Can be brushed 


or sprayed, needs no firing. Ask for catalog. 7A 


Sauereisen Cements Co., Pittsburgh 15, Pa. 
eS 
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these parts are made of a material that 
offers unlimited design possibilities 


If you are looking for a basic material that offers a combination of 
properties for both electrical and mechanical applications, you 
should get to know Star COMMERCIAL WHITE PORCELAIN. The 
possibilities of this amazing material are endless in applications 
requiring great mechanical and high dielectric strength. What's 
more, it’s the most economical electrical porcelain available in a 
wide selection of attractive colors . . . including the whitest white. 
Whether your problem involves a wiring device application or one 
of a mechanical nature, Star COMMERCIAL WHITE PORCELAIN 
will provide the answer. Complete data is contained in this 26-page, 

fact-filled catalog. Write for a copy today. 

Star Porcelain Company, 

41 Muirhead Avenue, Trenton 9, New Jersey. 


STAR 


porcelain company 


Circle 395 on page 17 


bells... 


smallest 


The finest bells are engi- 

neered and manu fac- to 
tured by WHEELOCK. 

Indoor and outdoor the 
types are available 

in sizes from the 

new 22” midget | C rg Ce St 
a-c contactless 
vibrating bell to 

the large 20” 
model—[2 2”, 3”, 

4”, 6”",8”,10",20'1. 
Write for Catalog 5A- 


originators of 
the underdome bell 


SOLD THROUGH 
ELECTRICAL 
WHOLESALERS 


nC ea SIGNALS 


Rit 7 TKS rrr.) Sree LONG BRANCH, N. J 


Circle 396 on page 17 





TUBULAR SHAPES 


Several interesting applications of hol 
low extruded sections are: 1) Radio 
Handle; 2) Relay Coil Core Form; 3) 
Battery Vent; 4) Electric Candle; 5) Air 
operated Water Pump; 6) Mechanically 
operated revolving Core; 7) Miniature 
Bore Precision Tubing. You can get 
ideas about applications for extruded 
parts by reading our brochure 
EXTRUDED PLASTICS 


We extrude to YOUR specifications any 
SHAPE, ROD, TUBE or MOULDING; also 
CURVED EXTRUSIONS*, FABRICATED 
EXTRUDED PARTS, in any of. 12 plastic 
materials 


@ Extrusion dies made in our tool room, 
usually between $45-$200 

Se me ema Lee) 

e Write for-your copy-of Extruded Plastics 
on company letterhead Pts 


ANCHOR PLASTICS 


orm | 
36-36 36th Street 
Long Island City 6, N. Y. 


Circle 397 on page 17 
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Modern Coil Equipment 
PLUS 


Modern Coil Handling 


insure perfection 
in all 


DANO COILS! 


When electronic produc- 
tion calls, Dano Coils an- 
swer with the exact coil 
to your exact specification. 
Regardless of type or quan- 
tity, Dano is fully geared 
in equipment, facilities and 
experienced personnel to 
handle all your coil require- 
ments. 


Encapsulated Coils . . . in 
either polyester or epoxy 
resins. 

Coils for high temperature 
applications. 

Bobbin coils. 

Paper interleave coils. 
Cotton interweave coils. 
Form wound coils. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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A. W. HAYDON COMPANY'S 


ELAPSED TIME INDICATORS 


7500 SERIES DC 
ELAPSED TIME 
INDICATOR 


Send for Bulletins: AWH ET600 
Basic Elapsed Time Indicators 
7500, 12500, 24200 Series. 


Now the Company offers a com- 
plete line of timing motors and devices 
to record the operating time of any 
electrical or electronic equipment. 
Compact, minimum weight, each unit 
has five digits. They can be used to 
provide daily running time plus a 
total running record, eliminating 
estimating or manual totalizing. They 
increase efficiency and reduce costs, 
since they provide the quickest way 
to know when to lubricate, overhaul 
or replace equipment. They give on- 
the-spot pictures of idle and waiting 
periods for machinery. Used with 
electronic equipment, they tell when 
to replace tubes, preventing costly 
failures during essential operating 
periods. 

In both AC and DC, continuous or 
manual reset for 50 or 60 up to 400 
cycle line frequency. Will measure 
hours or on down to 1Oths of seconds. 
All models can be supplied with Radio 
Interference Filtering to meet MIL- 
1-6O181B. 


of time. 


“¥. 
°, 


INDUSTRIAL, 
AIRCRAFT 


and 


MILITARY 


applications 


7500 SERIES RESET TYPE 
ELAPSED TIME INDICATOR 


Send for Bulletins: AWH ET601 
Reset Type Elapsed Time Indica- 
tors 7500, 12500, 24200 Series. 


Preferred Where Performance 
is Paramount. 


Shown at the left is the new A. W. Haydon Co. catalog 
describing the complete line of timing motors and 
devices; if you haven't received your copy write for it 
on your company letterhead. 


“A.W-HIAYDON Gompany 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electro-Mechanical Timing Device 
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-1st Choice 


for GEARMOTORS 


Because... 


mm 


“ . 
~_—EE==_I 


With five types of he 


parallel and right angle 
Gearmotors, Master has 

the flexibility and choice \ 
of design you need for 

selected output speeds. 


PA 


. With electric motor and gears 


combined into a compact, 
integral power unit, you 
reduce costs and increase 
efficiency through elimination 
of belts, couplings, chains, 
sprockets, external bearings 
or separate reducers. 


.. Available in sizes from Ye to 


125 H.P. You can integrate 
with the gearmotor electric 
brakes—3 types of variable 
speed units and fluid drive 
in any combination. 


. And that’s why more 
gearmotors carry the Master 
name than all other makes 
combined. Write on your 
business letterhead for details. 
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TYPE A* 
Ue as ale aed 


ated, electrically inde 
Path ale lil lol ae ho 
ast response and quick 
snap-action control. Oper 
on from —10° to 400°F 
r higher on special order 
Various mountings and ter 
minals. Rated from 4 to 13 
er Satan 7-l ae Caaf 
pending on service condi 
tions; 4 amps at 230 volts 
AC and 28 volts DC 
Bulletin 3000 


~oe 


TYPE A 
Hermetically sealed 


Electrically identical to 


See ual tt Real et 


peratures from | ifs 
) F. Various enclosures 
and mountings, including 


brackets, available. For 
app 
Ippa 


elie 
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STEMCO 







THERMOSTATS 


for electronic and avionic applications 


Features to fit your special requirements for avionic 
and electronic applications—from standard, 
production-line Stemco thermostats. That's 


just part of the Stemco story 


Because Stevens makes the widest range 
of bimetal thermostats in the industry, we offer an 
unusual number of basic design types 
various terminal arrangements and mounting 


provisions . . . different temperature 







2 ranges and performance characteristics. In TYPE C 
addition, Stemco thermostats feature Slormeticaliv sealed 
} "2 > = cd 
small cubage, light weight and proven aa ee rene a 
reliak ility—at a production price semi-enclosed Type C but 
z ss sealed in crystal can. Also 
So get the Stemco story frst. Write, supplied as double thermo 
ll : 7 hile v stat “alarm” type. Turret 
% é Cail OF wire now W 7 your terminals or wire leads 
product is in the planning stage TLL 
*Refer to Guide 400 EO for U.L. 
J and C.S.A. approved ratings. 
tee et manufacturing 
es ce company, inc. 
Prats / Lexington and 
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| Mansfield, Ohio 


i AA-6306 
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TYPE -C ; 
Rout eas areas 

positive-acting. Elec 
y independent bi 
strip for operation : 
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TYPE M’* 


Puree ta eae 


Electrically independew 
bimetal disc type for ap 
pliance and electronic ap 
plications from —10° te 
350°F. Rating: 8 amps a 
115 volts AC, 4 amps a 
230 volts AC and 28 voit 
DC. Virtually any type ter 
OTE Oe ee | 
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TYPE M 


Hermetically sealea 


aC Tel dlaol DMS tl Meme 
ala tele 1-7-1 we ole) 
furnished with pin or solde 
Oa Cele de noe 1 
and various mountin 
brackets. Bulletin 600 


